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[HE a of Mens s being the' e ted. bid echo 1 
0 mae ue f, it i reaſonable 1 ſuppoſe ba, it . took ii be 
iqoith 5 and was ſtudied in the car ligt ages of the world. x An 
. For 10 ſooner" diu mankind begin to People 8 than they. 7 
Wanted how to devel in, cloath to wear, and ens 40 Hill: the 
14. get thew' bread, with'other-neceſſaries of tife 3\ and being | 
bur deflitute of proper babitations, and ather conveniences of living, © © 
eit "pants muſt- immediately put then upon - the fiudy of necha- : 
nici. At their n ſetting oi would be content with very TG IR 
little theory 3; en to get that more by experience thun rea- Vs 
ſoning, and bei 9 with numbers, or any. fart f cal- 
brane and having ge 8 wur e to wort 7 2 —_ 


——. what fort x work yt were likely 40 maks. | All. their = 
J and they could but. ill execute | 
rue be continually mending | 
"got it to ſuch a form as tQ 
| N 3 N 

e enougy. 10 a ceginmng ; 
OO a long time, | 
without much improvement. But ut \length as. nen found more e 
leiſart and opportunity, and gained more e e, manual aris , 
| began'to take thiir riſe; and by-de 1% 5 a e 1 
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Col are rhrdugh-\the length ef time; for we ns. 9 
ve nothing upon record for two" or three thouſand years forward. 1 
Zut ET we find an account of \ſeveral machines that were in _ 

uſe. For we read in Geneſis that fbips wre as old, cuen on je of 
2 „ as the days of Jacob. . likewiſe read that the . — 
|  Philiſtines brought. 30 thouſand chariots." into the' feld again® „„ 
Saul; ſo that Ea were in uſe. 1070 years before Chriſt. And | RE. 

- about the ſame. time architeBure was brought into: qr: gn Ne .- 
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1030 years before Chriſt, Ammon built long and tall ſhips with 
ſails, on the Red Sea and the Mediterranean. And about go years 
after, the ſbip Argo was built; which was the firſt Greek veſſel | 
' that ventured to-paſs through the ſea, by belp of ſails, without 


fight of land, being guided only by the ſturs. Dædalus alſo, who EA 
lived 980 years before Chriſt, made ſails for ſhips; and invented 


ſeveral ſorts of tools, for carpenters and joiners to work with.” He | 


alſo made ſeveral moving ſtatues, which could walk or run of 


' themſelves. And about 800 years before Chriſt, we find in 


2 Chron. xv. that Uzziah made in Jeruſalem, engines invente 


by cunning men, to be on the towers and upon the bulkvarks, to ſhoot 


arrotus and great ſtones withal, Corn mills were early invented; 
for we read in Deuteronomy, that it was not lawful for any 
man to take the nether or the upper mill ſtone to pledge; yet water. 
was not applied to mills before the year of Chriſt 600, nor wind 
mills uſed before the year 1200. Likewiſe 380 years before 


_ Chriſt, wwe read in Jeremiah xviii. of the potter's wheel, Ar- 


chitas was the firſt that applied mathematics to mechanics, but 
left no mechanical writings bebind bim : he made a wooden pigeon: 
that could fly about. Archimedes, who ved about 200 years 
before Chriſt, was a moſt ſubtle geometer and mechanic. He made 
engines that drew up the ſhips of Marcellus at the fiege of Syra- 


.cuſe; and others that would caſt a flone of a prodigious weight 


Jo @ great diſtance, or elſe ſeveral leſſer ſtones, as alſo darts and | 


arrows ; but there have been. many fabulous reports roncerning. 


' theſe engines. He alſo made a ſphere which ſhowed the motions of 


the ſun, moon, and planets. And Poſidonius afterwards made 
another which ſhewtd the ſame thing. In theſe days the liberal 
arts flouriſhed, and learning et with proper encouragement ;' but 
afterwards they became neglected for a long time. Ariſtotle, who 


lived about 290 years before Chriſt, 40as one of the firſt that writ 


any methodical diſcourſe of mechanics. But at this- time the art 
was contained in a very little compaſs, there being ſcarce any thing 
more known about it, than the 6 mechanical powers. In this fate 


it continned till the 1 6th century, and then clock work was in- 


vented, and about 1650 were the firſt: clocts made. At this time 
ſeveral of the moſt eminent mathematicians began to conſider me- 
cbanics. And by their fludy and induſtry have prodigionfly enlarged 
ils "bounds, and made it a moſt comprehenſive ſcience, It extends 
through heaven and earth, the whole univerſe, and every part of 
il is ins ſubjett, Not one particle of matter but «what comes under 
its laws. For what elfe is there in the viſible world, but matter 
and motion; and the properties ard affetttons of hoth theſe, are tie 
futjeft of mechanics. | 
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and arches, ately  theatr8 columns, pendent ies, and all 


* 


tekkurt, navigation, huſbandry, and military affairs, owe their in- 
vention and uſe 10 this art. And whatever bath artificial \' motion 


by air, water, wind, or cords ; © as all manner of muſical inſru- 


ments, water-works, &c. This is a'ſtience- of ſuch importance, 
that without-it we could hardly tat our bread,” or lis dry in our 
? % * 1 / 5 i + p $3 + . * % Eo 


beds 3 
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Zy mechanics we come to undenſtand the motions of ibe paris of 
an animal body: the uſe of the nerves,” 


- 


veſſels. All which have been made ſo plain, as proves an animal 


body to be nothing but ' a mechanical engine. Bus this part of me- 
chanics, called anatomy, is a ſubjefF'of itſelf. Upon mechanics are 
alſo founded the motions of all the celeftial bodies, their periods, 
times, and revolutions. Without mechanics, 'a general cannot go to 
war, nor befiege a tcwn, or fort @ place. And the meaneft ar- 
tificer muſt work mechanically, or n 


the cobler, 3 MEER LS 
Upon mechanics is alſo founded the Newtonian, 


443 'F 
4 only true phi- 


this; from ſome of the principal pbænomena f "motions to invoſti- 
gate the forces of nature. And then from theſe forces" to demon- 
rate the other phenomena ; all which is to be done upon mecha- 
nical principles. Thus from the diſtances and revolutions" of - the- 


Heavenly bodies, the forces of gravity are derived; and from theſe 
Forces thus known, are deduced the motions of the planets, comets, 


the moon, and the ſea; as well as the motions of | badies upon the 
ſurface of the earth. 7 3 to. the viſible bodies of the uni- 
verſe. But there are alſo certain forces belonging to the ſmall” 
particles of matter, which we are ſtill ignorant f; by which they 
are either impelled towards one another, and. cohere in regular f. 
gures; or are repelled, and fo recede from each other. Fer the par- 
ticles of different ſerts of bodies have different laws ; ſince the 


ſmall particles of ſome bodies attract one another, whilſt thoſe of 


other forts repel each other; and that by forces almoſt infinitely 


various. Upan theſe forces the cobęſion, ſolidity, and fluidity of 
bodies depend, The nature of elaſticity, eledricity, and magnetiſm. 


Upon theſe alſo depend the principles of fermentation, putrefaction, 


generation, vegetation, and difſolution of bodies; digeſtion and ſe-- 


cretion in animal bodies; the motion of the blood and fluids in ani- 


mals, 


L the art of mechanics" is fg all fertr e "inflruments' 16 
Werk with, all engines of tur, ſhips, brillgts,” mills; curious roofs 


att a Sper tr ee roger 


muſcles," bones, joints, and 


| or \not work 41 all. 80 "that all 
perſons whatever are indebjed to this art, from the king down to 
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tbe erciting ſenſations in tte mind: the. emiſſion, refie 


* dhe nature of things depends upon no ſteady principles at all. But 


myers by the command 45 the will; 
tion, and  inflettian o light ; freezing by cold. burning by fre; 
all operations in chemiſtry, &c. f theſe farces rould be found out. 


it would open to un d new: field in the ſcience, of, mechanics. © But 


for want of proper experiments, .theſe forces. among the invi/ible 
end imperceptible particles of matter, are utterly unknown, and ex- 
ceeding difficult to be diſcovered, and therefere make. na. part of the 


| enſuing Treatiſe.. Nor ſpall I meddle with aſtronomy, as being a. 
þ * 


ſabjell of itſelf : nor with experimental philoſophy, any further 
%%% WE "RS 
And although architefure has a great dependance upon mechanics; 


yet there are @ great many precarious rules in this art, invented 


purely for ornament, and the ſake of beauty; which have nothing 
to do with mechanics. And therefore mechanical beauty (that is, 
Arength in dus proportion) is all that I have am buſineſs to meddle 
with here. NE Ay aA 0 8 nad es rio 3 
It bas been ignorantly objected by ſame, that the Newtopian 


. pbiloſophy,. like all others before it, will grow old and out of date, 


and be ſucceeded by ſome new ſyſtem, which will then be as much 
cried up as this is now. But this objefion' is very falſly made. 
For never @ philoſopher before Newton ever took the method that 
be did. For whilſt their. ſyſtems are nothing but hypotheſes, con- 


 ceits, fiftions, conjentures, and romances, invented at pleaſure, and 


without any foundation in the nature of things. He on the contrary, 
and by himſelf alone, ſet out upon a quite different footing. For 
he admits nothing but what he gains from experiments, and accurate 
obſervations, And from this foundation, whatever is further ad- 
vanced, is deduced by ftrick mathematical reaſoning. And where 
this thread does not carry him, he ſtops, and proceeds no further ; 
not pretending to be wiſe above what is written in nature, Being 
rather content with a little true knowledge, than, by aſſuming to 
know every thing, run the hazard of error. Contrary to all this,” 
theſe ſcheming philoſophers, being men of ſtrong imaginations and 
 eveak- judgments, will run en ad infinitum, and build one fiction 
upon another, till their Babel thus erected, proves to be nothing. 
. but a heap of endleſs confuſion and contradiction. And then it is 
no wonder, if the whole airy fabric tumbles down, and ſinks into 
ruin. And yet it ſeems, ſuch romantic ſyſtems of philoſophy, will 
pleaſe ſome people as well as the ſtrifteſt truth, or moſt regular 
Syſtem. As if philoſophy, like religion, was to depend on the 
faſhion of the country, or on the fancies and caprice of weak people. 
But ſurely this is nothing but rambling in the dark, and ſaying that 


2 


1 A rb n P' Www ACE. : . 
iu tru . bet babe of mat philoſophy is to derive the nature of © 
. Nag th: ap ae 1; and to enquire"after-thoſt laws n 

which the Creator” hooſed to found the world not'thaſe by "xobich - 
Le might have done thi ſame, had he fo plenſed. Ii is reaſonable o 
a = Je that from ſeveral caaſes, Jomething differing from each other, 


| me effect mia ariſe.” But the. hes Sow 7 nes ry eee e | 
3 fron” 95 * 6 2 L. Hoes" ' ariſe y* 


Z 115 Green?;; 120 Bertl "by 2 e, EY 3 even 1 


French themſelves have at 710 adopted it; "and nd give ap the Carte- 
flag ſcheme. e <A SON 
_ Pratiical methanler might be very BP oth of the ſecrets 


e all trades were 10% id opens, and the ſeveral machines uſed in 
each trade, duly explainel. Nnd experimental philoſophy would be 
tberely much ere "2s wobl af the trades themſelves. And one 
trad. might borrow mam) Wa Belp in working, from another 
trade. It is not my defigh f treat 4s all en thi lowgf par of me- 
 chanics, which concerns munual arts ur dor king by bund. For there 
is no theory required bere, but nh e babie Pg... 10 * ac- 

_ quired. by requent proffice? > 0512 © 5 av; e eee 
I have, in the following Nook; tenfined ch nir) to ox ma- 
2 thematical 1 art, and what depends on it, and is deduced from it. 
And rrp? on I have firſt of all laid down and demonſtrated the ge- 
neral laws of motion, as a foundation for all rhe-reft. © Then follows 
the laws of gravity, the teſcent F bodies, and motion of projetiiles 
in free ſpace ;, the mechanical powers; the deſront of bodies upon in- 
lined planes, the 9 of pendulumt; center of gravity," and 
others ;" be preſſure, NRrengtb, and Areſi, of beams of timber\z"then you 
have the principles 7 oftatics, hydraulics, and pneumatics; the 
refitance of fluids ; 15 powers of engines, and ibe deſcription 
machines. In each of theſe, I have delivered all the fundamental 
Principles both in theory and practice. "And to make it more univer- 
_ ſally uſeful, I have demonſtrated every thing geometrically ;, or at moſt, 
by the belp only of the loweſt and eaſieſt rules of algebra, for the ſake 
Ee brevity; avoiding all operations by fluxions : ſo that the reader 
need not be * with rhe thoughts of 10 difficulty of * kind. 
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| turt, 14s: far. as ig nectſſary to explain their. motions an 


And tubiehare "eaſily. underſtood of. Sees. 0 hope ie trader 


9 ſeem trifling, put in here and there to „ ag places. | 9 5 
ſchemis. Let even in theſe, there: ts ſomet bing r ie 
-frutture on motion, that may be worth obſerving. A 8 755 

Lide be cuts of many mere machines ; but perbapt ub . 
already done, nay be thought too mu in ſuch 4 aden 
obere ee knowledge wants dus encoura „ and v 
Mæcenas appears: #6: Putronize and protect its 3 Ng. De! 
und ſciences bang. as it were, in ſuſpence, whether all fie 
or. fall; and where public ſpirit and Englith Emerghty are fult . 
piring. bis decline f arts and. Le *is bell, or. in 4 122 

meafire orbing to the ambition, a nd, moſt. extreme avarice. 55 the Me- 

ent age. M bere men, not ßeing able 10 e Ses bone this 


- earth, think nothing <yorth their. care, but raking together f the: roſs 
it affords ; Ariving. like the toad, who ſhall die with the m 1 carb 
in his paws. ' The duller part of mankind are entireſ Fs #n the | 
. purſuit of fltby lucre and the brighter. ſort EP fed 10 
lows, trifling, and often barbarous jd 65 ly In fuch ' momentous 
concerns as Ibeſe, it is 10 wonder i arts and ſeiences "Bag ; and 
met knowledge meet with not bing but. contmpt ; and aer | 
give place i Plutus, And indeed, if the. Lenera temper. and e. 
rk 4 men bad deen be ſame in all ages, as it is s in ibis; D Jam in 
doubt whether we had ever bad any ſuch thing. a4 mill togrind- WL 
corn for bread, or a pump to draw us water I ü @ trifling, excuſe 
or men of "exalted ſtation, to urge, that they are and uainted with 
ſuch arti or ſciences. For learning. has always Been ee med to be 
- under ibe peculiar tare and ſuperintendency of the great; 
40 protect and encourage both that, and the profeſſors of. it; r. elſe 
arts and ſciences can never flouriſh, And as, ah prong of 


- '. hee evidently tends to the benefit of mankind, and the promoting of 
ebe public good; nothing can excuſe ſo groſs a negle er fuch a ma- 
e rd, at they bew, for the happineſs of their fellow crea- 

tures. \\The-induſtrious ſtudents only have tbe, fatigue 3\ e a the 
world. reap ibe eee of their labeurs: | 
Scire volunt omnes, mercædem folvere nemo. 3 vun. 

1 5 ; reported of Alexander that he allowed 800 talents 4 gear 


1 Ariſtotle, 40 defray the expences of procuring all ſetts of living 
creatures; Jo that by bis own particular ee, he — = 
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 diffdent of ho principles here delivored1 el Fn 
Be #heqght wat con- 


the firitteft, grfanirgtimn, Nor gend 

ee 9 Ham it: 
. for on- the; contra {have — Aepuld ug inbru dbb, and 
lead them regular through this, 


this uatare, I am under no concern what j 
upon it by the ignorant multitude.” .. Yet I fincerely wiſh, that my 
more ingenious readers may find what they expe? here ; and am in 
hopes, that they will meet with no difficulties, but what they will 
eaſily. unt. To effect which," I have mads every thing i in this 


Book as full and clear as my own —_ and the nature of ibe 


thin * 
* W. EMERSON. 


P. 8. The kind nk the former editions FF this book has me l 
with from the publick, has induced me to reviſe and correł ib; 


and to make ſuch further additions thereto, as I thought neceſſary 
for completing ſo 'uſeful a ſcience. Accordingly I have made ſuch 


abſolutely neceſſary for the benefit of my readers. 


I cannot find that I have omitted any thing. material in this 


Treatiſe pertinent to my ſubjet. And as my profeſſed deſign was 
to write a book: of Principles, 10 body of common ſenſe would ex- 


pet that I ſhould go contrary to that deſign, and ſtuff my book 
with calculations of di — ifficult problems, fit only > fe books of Algebra 
and Fluxions ; and not at all proper for an elementary Treatiſe. 
I 1 had done this, I had not only deſerted my ſubjett, and all good 
. method ; but alſo impoſed upon my readers, by ſwelling the book, - 


and making them pay dear for ſuperfluities z and that. to pleaſe a 


few trifling Fifics, who know no better. Theſ® ſort 2 7 animals live 


by detraction, and are * ſnarling at tohas they don't under- 


5 Hand, and cannot mend. 


F aty ſuch ſet of critics, a aſſuming” the privilge of being dic- 
tators 10 the public, and cenſors of orher men's -writings, ſhould 
fart up, and cry down my book, becauſe not written after their 


crude notions, 1 would wot have my readers be 7 


abi and ul. ſcienes, But in a 
mercenary. age, where there is fo little encouragement for works of 


udgment may be paſſed © 


| alterations and improvements in this third edition, as to me ſeemed 5 


apt Concern. it will give me, 
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1 r b a an which teaches 105 pro- 
portion of the forces, motions, velocities, and in 
(General the actions of bodies upon one another, 
2. 2 ix is the maſs or quantity of matter. If a body yields to 
a ſtroke and recovers its former Hgure again, it is called an elaſ- 
nic loch: If not, it is inelafic. 
3. Denſity of à body is the proportion, of the g —4.— of 
* gontained in it, to the quantity of matter in another bo 
of the ſame . Thus the denſity is faid to be double + 
triple, when t quantity of matter contained 1 in the fame ſpace 
1s double or triple. 

4. Force is 1 op body to move it. If it act 
but for a moment it is called the. force. of percuſſion or impulſe. 
— it act 3 it is called an  accelerative force : ? Af conftantly 
jally, it is called a te acceleraive force. | 
elocity is an affection of motion, by which a body N 
* a certain 3 in a given time. The, yelocity : is ſaid to be 
greater or leſs, according as the body paſſes over a greater or 
leſs ſpace. in the {ame time. 

6. Motion is a continual and fucceſſive change of place. If 
a body moves through. equal ſpaces in equal times, it is called 
eguable motion, If its velocity continual Nee it is called 

accelerated matiun; if it decreaſes, i it Is N motion. If it in- 
;Creaſes or decreaſes uniformly, it is 'equgbly, accelerated or re- 
tarded. Likewiſe if its motion be conſidered in regard to ſome ' 
ther body at reſt, it is called,ab/olute motion. But if its motion 
be conſidered with reſpect to other bodies alſo in motion, then it 
is relative motion. 

7. Direction of. motien.is the way. the body . or the right 


it moves in. 
B — on 8. Quan- 


* * 


by 


DEFINITIONS. 


N Ps of motion, is the motion a body has, both in re- 
gard to its velocity, and quantity of matter. This is called the 
momentum of a body, by ſome mechanical writers. 
9. Vis inertie, is that innate force of matter by which it reſiſts 
any change, and endeavours to ' preſerve 1 its preſent ſtate or mo- 


tion or reſt, - | 
10. Gravity is that force en a body eadeveouns to de- 


ſcend towards the center of the earth. This is called a lute 


gravity, when the hody tends downwards in free ſpace : and re- 
{ative gravily is the force it endeavours to deſcend with i in a 
fluid. 
II. Spegfic gravily of bodies, 1s the greater or leſs weight of - 
bodies of the ſame magnitude; or the proportion between theſe 
weights. The ſpecific gravity is ſaid to be double or triple, 
when the weight of the ſame bulk of matter is double or triple. 
13. Center of gravity of a body is a certain point in it, upon 
which the body. being freely ede it would reſt in any 
poſition. 
IT . Cimter of motion of a body, i is a fixed point about which 
0 ody is moved. And the axis F molion, is the fixed axis it 
moves about. 
' 14. Weight and power when oppoſed to one another, Genify 
the body to be removed, and the body that moves it. That 
body which communicates the motion is called the power 3 and 
that which receives it, the weight. 
15. Equilibrium is when two or more forces ating againſt one 
another, none of them overcome the 1 but deſtroy one 
another's effects, and remain at reſt. 
16. Afluidis a body whoſe parts yield to any impreſſed force; 
and by yielding are'eaſily moved among themſe}ves. | 
I7. ee is a ſcience that treats of the properties of 


fluids. 
. Hydraulics | is the art of raiſing or conveying water by the 


help of engines 
19. P umatics is a ſcience that treats of the properties of the 


air. 
20. Machine is any W inſtrument contrived to move 
bodies, or to perform ſome particular motions. The mechanical 
powers are ſimple machines. 

21. Engine is a mechanic Airument compoſed of levers, 
wheels, pullies, ſcrews, c. in order to move, lift, or ſuſtain 
ſome great weight, or perform ſome great effect. This i is the 


largeſt and moſt — fort of machines. 


d 


22. Me- 


. 


DEFINITION S. | 

22. Mechanic powers, are the ballance, the lever, the wheel, 

the pulley, the ſcrew, and the wedge. To which ſome add the 
inclined, plane. 1 e So 

23. Streſs is the effect of a force acting againſt a beam, or 

any thing to break it, or the violence it ſuffers by that force. 


The contrary to this is Hrengtb, which is the reſiſtance. any beam 


is able to make againſt a force endeavouring to break it. 
24. Friction is the reſiſtance ariſing from the parts of machines, 
or of any bodies rubbing againſt one another. 


ah POSTULATA. 


I, HAT a ſmall part of the ſurface of the earth, or the 


1 borizon, may be looked upon as a plane. Though this 
is not ſtrictly true, yet it differs inſenſibly in ſo ſmall a ſpace as 
we have any occaſion to conſider it, „ 

2. Heavy bodies deſcend in lines parallel to one another, and 
perpendicular to the horizon: And they always tend perpendi- 
cular to the horizon by their weight. For this is true as to ſenſe, 
becauſe the lines of their direction meet only at the center of 
the earth, taken as a perfect ſphere. 52 
3. The weight of any body is the ſame in all places at or near 
the ſurface of the earth. For the difference is inſenſible at any 
heights to which weſcan aſcend. Though in ſtrictneſs the force of 


gravity decreaſes in aſcending, from the earth's ſurface, in the re- 


ciprocal ratio of theſquares of the heights from the earth's center. 
4. We are to ſuppoſe all planes perfectly even and regular, 
all bodies perfectly ſmooth and homogeneous; and moving with- 
out friction or reſiſtance; lines perfectly ſtreight, and inflexible, 
without weight or thickneſs; cords extremely pliable; &c. For 
tho* bodies are defective in all theſe; and the parts or matter, 
whereof engines are made, ſubject to many imperfections; yet 
me muſt ſet aſide all theſe irregularities, till the theory is eſta- 
bliſhed; and afterwards make ſuch allowance as is proper. 


„„ 
1. TJ) VERY body preſerves in its preſent ſtate, whether of 


reſt, or moving uniformly in a right line; till it is com- 

pelled to change that ſtate, by ſome external force. 8 
2. The alteration of motion, or the motion generated, or de- 
ſtroyed in any body, is proportional to the force ap lied: And 


is made in the direction of that right line in which the force 


_ 


— 


> 3. The 


8. 


7 
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3. The action an tion between two bodies are equal, 
- and in contrary directions. FTF... ĩͤ > 
4. The motion of the whole body is made up of the ſun of 
the motions of all the parts. ” 4 „ 


5. The weights of all bodies in the ſame place, are proportional Ps 
to the quantities of matter they contain; without any regard to 
their bulk, figure, or kind. For twice the matter will be 
twice as heavy, and thrice the matter thrice as heavy; ahd ſo 
on. 1 - F | 
6. The vis inertiæ of all bodies, is proportional to the quan- 

+ tity of matter. | . . : Sh; 
| 7. Every body will deſcend to the loweſt place it can get 


to. 1. 4 3 2 . 
8. Whatever ſuſtains a heavy body, bears all the weight of 
9. Two equal forces acting againſt one another in contrary di- 
rections deſtroy one ahother's effects. 
10. If a body is ated on with two forces in contrary direc- 
tions; it is the ſame thing as if it were only acted on with the 
difference of theſe forces, in direction of the greater. 
11. If a body is kept in equilibrio; the contrary forces, in 
any one line of direction, are equal, and deſtroy one another.. 
12. Whatever quantity of motion any force generates in a 
given time; the ſame quantity of motion will an equal force. 
deſtroy in the ſame time; acting in a contrary direction. 
13. Any active force will ſooner or more eaſily overcome a 
: lefler reſiſtance than a greater. | $7 wi 
134. If a weight be drawn or puſhed by any power; it puſhes 
or draws all points of the line of direction equally. And it is 
the ſame thing, whatever point of that line the force is applied 
ro | | 4 


153. If two bodies be moving the ſame way in any right 
line; their relative motion will be the ſame, as if one body 
ſtood ſtill, and the other approached, or receded from it with 
the difference of their motions : or with the ſum of their mo- 

tions, if they move contrary ways. „„ 

16. If a body is drawn or urged by a rope, the direction of 
that force is the ſame as the direction of that part of the rope next 
adjoining to the bbdy. | _ . 

17. It any force is applied to move or ſuſtain a body, by 
means of a rope; all the intermediate parts of the rope are equally 
diftended, and that in contrary directions. 

18. If a running rope go freely over ſeveral pullies; all tlie 

parts of it are equally ſtretched. 7 „ 
| | 19, If 
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T * quantities of matter in al bedier are in the complicate ratio of 
' their magnitudes and denſities. 


OR by Def. . if the magnitudes be equal, the matrer will 
be as the deaficies, And if the denſities be equal, the mat- 
ter - will be as the magnitudes. Therefore the matter is univer- 


* ally in the compound ratio of both. g 


Cor. 1. The quantities of matter in fonilar bodies, are as the den- 
fities and cubes of their like dimenſions, in a OE The OO 
is as the cube of the diameter. 


Cor. 2. The quantities of matter are as the magnitudes a) ſpect 


| gravities, For the ſpecific gravities are as the denſities, by Ax. 5, 


PROP. II. 


7. be quantities of motion, in all moving bodies . are in the 


complicate ratio of the quantities of matter and the velocities. 


For if the velocities are equal, it it mänifeſt (by Ax. 4.) that 
the quantities of motion will be as the quaatities of matter. 
And if the quantities of matter are equal, the motions will be 
as the velocities. Therefore univerſally, the quantities of mo- 
tion are in the compound ratio of the velocities and G_ 


Cor. In any ſort of motion, the quantity of motion is as the ſum of 


all the produits of every particle of matter multiplied by its rejpetiroe 


velocity. 
| £2 For 


% 


Set. I. GENERAL LAW S, We. 


For the quantity of motion of any pa 45128 that: 
moltiplied by ee And as each particle of the ſame body 
moves with equal velocity,: the motion of the Whole will be che 
ſum of the motions of all een nf b ancitogatAdls 
oxi e e „ inn dr gg 


& 5 D R 0 P. III. * 2 n 0 . My : by ic} 


In all en, ee the ſpace lite i in — nun, rats 
of the time and vr 0. WAY Tanna 


For it is 3 if the velocity be given, the ſpace deſcribed 
by any body, will be as the time of its moving. And if the 
time be given, the ſpace: deſcribed will be greater or leſs, accord- 
ing as the velocity is greater or leſs ; that is, the ſpace will be as 
the velocity. Therefore if neither be given, the ſpace will be 
in the ee ratio of both the time and velocity. 


Cor. The time is as the ſpace anch and . reciprocally, 


PROP. I. 


> 25 © ” 


7 be notion generated by any momentary force, 75 as ; the force that 
generates it. 
For if a certain quantity of 'force generates any motion, a 
double quantity of force, will generate double the motion; 2 
a triple force, triple the motion, and ſo on. 


Fd 


Cor. The, ſpace. deſcribed is as the. Force and. time adh. and 
quantity of matter Ceciprocallye. 


For by this Prop. the Se is as the motion, that is ; (by Prop. 
11. ) as the matter and velocity therefore the velocity is as the 


force directly and matter reciprocally. Alſo (by Prop. III.) the 


ſpace is as the time and velocity, and therefore as the time and 
force directly. and matter recipepcally. {ies 


SCHOLIUM. 


Let þ = body or quantity of matter to be moved. e 
' f force of impulſe ating on the body b. 
momentum or quantity of mation generated in b. 
velocity generated in b. 
Space deſcribed by the body b. 
lime of ae the ſpore s with the velocity * I 
en 


* 
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- -M „ Then hy the three laſt Brops. we ſhall hae d 6v,, W 
| SRP Fenn By the help of theſe three general proportions, the re- . 
; ; wan of he ſpaces, times, velocities, &c. may be found, upon 
i . all ſuppoſitions. And thence all the laws and p -be- 
$5Þ | longing to uniform motion, may be readily and univerſally re- 
38 ſolved: Expunging ſuch as are not concerned in the queſtion; - 
| þ | "Gs and rejecting all thoſe that are given or conſtant; and alſo thoſe 
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8 mn any motion, ed by a uniformly accelerating force: the . 
22 generate any time, is in the complicate ratio ef abe you 


and time. 8 f ; : 
For Ml given time, the motion — iv props. 


tional to che force that generates it, this being its natural and 

nuine effect. And ſince in all the ſeveral parts of time, the 
Hem is the ſame, and has the fame effica W therefore the mo- 
tion generated will alſo be as the time: whence univerſally, the 
motion generated is in the * ratio of both the — and 


the time of acting. 


oo 1. This Prop. is equally true in ä Aer bf r 


„Er. in a moving bach, by a force acting in a contrary direction. 5 
12. 


b.. 


N 5 3 — 1 247 
part, the accelerative — atts e ch 
— And if there he taken t 
75 in each part e ang by the . 2 
As oxy uniform aceeterative force & by. the time of ating en. oo 
| To the motion generated in that time (M) ©: _ | 
So the fum of all the produfs of each particular | Lee and time + 
To the motion generaled in ibis whole time, by the variable forct. 
For (by «his Prop.) the time of deſcribing any part c by che 
force : motion generated in that time 3: Fe: M. therefore by 
compoſition, the ſum of all the N to the, _ nb 
1 a . wo Ak. x It 


| Cor. 3. The velocity generated (or a 40 navy tide. en 
force and lime diretlly, and the quant ard wan reciprecally.” ; 
For (by Prop. II.) the quantity agar motion 1s as the matter and 
velocity ; therefore the velocity is as the motion directly akd 
the matter reciprocally, that is, (by this N N 1 4 | 
time directly, and the matter reciprocally. g 


Cor. 4. The increaſe or decreaſe e generated or de- 
Atreyed in any time ; is i as the force and time direct, and the d. 


ocally. 
Thi follows from Cor. 3» becauſe all eff * Proportional 
to their cauſes. _ | ; 


* 


\ 


3 


In any motion generated by a 8 actiretive fret) td. | | 
deſcribed from the beginning of the motion, is in the n 
ratio of the let velocity, and lime where it ts S, 


- + BW ſuppoſe the time divided into an infinite number of 

equal parts, each of which call x, and let the times from the 
beginnin 5 be o, I, 2, 2, 4. . . to f. And let c be the velocity 
generated at the end of the time 1; then by Cor: 3. of the 2 
Prop. the velocity generated in the — body, by the ſame 
force, in the times o, 1, 2, 3, 4. . . . i, wiliſbe reſpectively o, c, 2c, 
236, 40... to c. And by Prop III. the ſpaces deſcribed in each 

2 part of time, will be a the time (1), engotha + 


- 


CENBRSL L A 1. 
20d cherefere theſe" ſpa aces vil de eee 2 #z und 


body. But the ſum of We r te progreflion, Wi 3 ry 
3% 4c 9 e where the” number of terms is "very-\grems = 


Se or cl. but ie is the laſt velocity, and the wh — 


i 2 s 
rims; therefore the whole beer i 25 ber 3 5 the YN! and 
time conjunctiy. 8 


Cer. Ti Ix doh moves 3 3 Hei 
et by a uniform atceleative force; it will deſcribe ſcvice the ſpace in 
the ſame or an equal timo, that it deſeribed by tbe acceterative force. 
For here the ſpaces. deſcribed in the ſeveral fmall parts of 
time, will be tc, tc, tc . . &c. to terms. whoſe ſum is c Xt. 
And the _ of the former ſ —_ deſcribed by the ee 


W 2 t but fr xc tit f xf. as 4 to 1. . 


\ F * . 


if Es 2. . eee e 
into moniar; therefore the adequate and immediate effels of an acce· 
la force is either motion, or Preſſure, or boti+ © oh nts 


oe ont 8 C H OTL. 


Let 3 e ail of matter. 
2 . = F force ating unifermb * equalh 6 on r the 
D = velocity generated inb by the force " I 
a He = motion generated in b. _ 
= ſpace deſcribed by 5. . 
pon = time of deſcribing the ſpace s. | 
Then tlie two laſt propoſitions together with Prop. II. vin 
refblve all ueſtions relating to the times, forces, velocities, Sc. 
in uniformly accelerated motions. Thus m « bu, 1 & Ah 
and 1 & tv. eher we have in * 
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4 orce ating on a 4+ eras 48, canſe the body to 

22 5 Ns in any time; and FRY 
eftion AC, would move it Sure ly, enges 

= time: T ſay, by both forces atting together, in tht proper 

direftions, the body will, in the ſame time, be moved through 11. 

4 4D, 2 diagonal of the ee ABD. 


Cars "Ig 


Let the forces at 4 cauſe the body to move e alor 

the lines AB, AC. Then ſince the force acting in direction 

arallel to BD, by Ax. 2, will not alter the velocity towards the 

ine BD; the body therefore will arrive at BD in the ſame time, 
whether the force in direction AC be impreſſed or not: There- 
fore, at the end of the time, it will be found ſomewhere in BD. 
By the ſame, argument,- it will be found ſomewhat in the line 
CD; therefore it will be found 1 in D the point of interſe | 
and by 4 Ax. 1, it * move in a right line from 2 to 


ouewil. 


Sep the live AC to move ut e to iel! into the 'plack 
| BD, whilſt A moves from 4 to C. Then ſince this line and the 
body are both equally moved towards BD, i is plain the body 

muſt be always in the moveable line IC. Therefore when AC 
comes to the poſition by, let the body be arrived at 4; then, ſince 
both the line M moves uniformly along AB, and the body A 
along AC; therefore it will be as 46; N 145: BY. FP 
adi right] * „ | 


| Cann II. 


Let the ba be carried e AB, Ac by an accelerative 
force. Then by Prop. VI. the-ſpace deſcribed will be as the. 
, time and * and therefore the TORY will be as the ſpace 
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the force and the body is given, the velocity is as the time. 
Whence the time will be as the ſpace directiy and time recipro- 


| cally, and theffpaces the ſquare of the time: That is, the ſame 


Yo | | 
body acted on by the ſame force will deſcribe ſpaces which are 


as the ſquares of the times. Now let the time of. defcribing 


AB or AC be 1; and let the line AC move along with the body 
always parallel to itſelf, apd in the time 2, let it arrive at g, and 
the body at d, moving towards g. Then, from what has been 


ſaid, it is a8 1:44 :: 4B: 4b, and allo as 1: it:: I or BD: 


AA. whence 4B : A:: BD : bd. therefore AdD is a right line. 
And if ow woes the ſpace to be as the mth power of the 
time, it will fill be, 1: f: AB: Al :: BD: bd; and AD is 
Mill a right line for any ſimilar forces. 


— 4 1 E III. 155 
But if the body 4 be carried through AD by a uniform force, in | 
the ſame time that it would be carried through AM by an acce- 
terative force; then by both forces acting together, it will, at the 
end of that time, be found in the point H, of the parallelogram 
* > but then the line it deſcribes AGH, will not be a fight 
. e. 5 RE 2 | | P . 5 a f ere 
Cor. 1. The forces, in the direfions AB, AC; AD, arc reſptc- 
tively proportional to the lines, AB, AC, AD; and in theſe direc- 
eee ln BS Fo a e et Fe Wn 
For by Cor. Prop. IV. the time and the quantity of matter 


- 


being given; the force is directiy as the ſpace deſcribed. And 


in accelerated motion, the ſame is true, by Prop. V. Cor. 3..and: 
Prop. VI. | ck un. 3+: 


Ce. 2. The two oblique forces AB, AC is equivalent to the fights 


dire&? force AD, which may be compounded of theſe two, by draw- 
ing the diagonal of the parallelogram . 
Cor. 3. 4h fongle dire@ force AD; may be-refolved into the tuo 
oblique forces whoſe quantities and directions are AB, AC, having the: 
fame effe ; by deſcribing any parallelogram. whoſe diagonal is AD. 


| Cor. 4. A body being agitated by two "forces off once, will paſs 
through the ſame point, as it would do if the two forces were to at# 
ſeparately and ſucceſſrucly. And if am new motion be impreſſed - 


-t its is forme dreien. 


5. . If two forees as AB; 46, alin the ditions AB, 4c, 
E. draw AR 10 the middle of tbe ni 4 x *xc mage 
ihe for een f dus nd ts dren, 


PROP! vm. 


Lo n wow fins B,Co the ſame hind ang ae 
another, at the point D, and eHions are all in one plane; 
and if they keep 
each other reſpettively, as the three fides o 8. triangle drawn ba- 
rallel 10 their lines of dire ROO; DL, . 


Let De comet the force . nad d AD, BD, and 
complete the parallelogram DHH: And by the laſt Prop. the 
force DC is equivalent to the two forces DH, D; 
fore, the forces DH, DI inſtead of DC, and all the forces will 
fill be in equilibrio. Therefore by Ax. 13. DT is equal to its 
oppoſite force 4; and DA or Clequal to its oppoſite forte B. 


Therefore the three forces A, B, C are reſpectiuely as DI, CH, CD. 


Cor. r. Hence the Forces A, B, C are reſpedtively as the three fades 


of a triangle, drawn perpendicular to their lines of direfion, or in 


any given angle to them, on the ſame fide. For b a N will 
be ſimilar to the former triangla. 


Cor. 3. The three forces ABC will 3 e eber as the fines ” 


the angles through which their refpettive lines of direction 6 paſs, 
when produced: 

For DI: CI: : $.DCTor CDB : $.DCIor cb 

And CI: CD; : S Tor CDA S.CHD or HDIor ADB... 


Cor. 3. If there be never ſor man feoces l e any: point in 
one plane, and keep one another in equilibrio ; Sey may be all 


zo the action of three, or even of -1wo equal and oppoſue ones. 
For if HD, M be two forces, they are equivalent to the ſingle 


| — DC. and j in like manner hand B may be reduced to afngc 
Force. 


Cor. 4. Aud if ever . many forces in A eren planes, aff mg againſt 


| ne point, keep one e in ee they may be . 


PR 


one —— theſe forces will be to 


there- 


all reduced: 


4 
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\ VPN 46tht vn of ſeveral forces in one plane, and aufen „ mY 
7 * and oppoſite ones. 
3· For if the four forces 4 B. H, I, act againſt the point D;. * 
NAY and H, I, be out of the plane "ABD. Let DC be the common 
;> ſection of the planes ADB, HDI; then the forces , 7. e 
N to the force C, in the plane ADB. 


80H01. 


This prop holds true of all forces 8 hes of im- 

| pulſe or percuſſion, thruſting, pulling, preſſing ; or whether 
ene or continual; Provided they be all of the m_ 

ind 

Hence if three -forces aft in one plane, their proportions are 

| had; and if one force be given, the reſt may be tound. And if 
four forces act, and two be given, the other two may be found; 
bur if only one be given, the reſt cannot be found ; for in the 
three forces, 4, B, C, the force C may be divided into other 
two, an infinite number of ways, by drawing any parallelogram 
DICH about the diagonal DC. And in general if there be any 
number of forces acting at D, and all be given but two, thele 
two may be found: otherwiſe 50 though the poſitions of W 
all er : 1 
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PROP. IX: 


If one Jody adus droinf another 105 by any kind of force 8 ; 
it exerts that force in the direction of a line perpendicular 40 lle 
 farface whereon it alta. 
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9 
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4. Let the body B be acted on by the ous AB in the direQtion 
| AB. Let the body C and the obſtacle O, hinder the body B; from 
moving; divide the force AB into the two forces AD, AE; or 
EB, DB, by Cor. 5. Prop. VII. the one perpendicular, the 
other parallel to the ſurface DB; then the ſurface DB receives 
the perpendicular force EB, and the obſtacle O the parallel force 
DB ; take away the obſtacle O, and the force DB will move the 
body B in a direction parallel to the ſurface, with no other effect 
than what ariſes from the friction of B againſt that ſurface, oc- 
caſioned by the preſſure of B againſt it by the force EB; which, 
if the ſurface be perfectly ſmooth and void of tenacity, will be 
nothing. The force DB therefore having no effect, the remain- 
ing force EB will be the only one, whereby the body B acts 
againſt - 
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Ber DINE. 


| Cor. I. Fas iven V body C obliqu 5 are 
angle ABD, Fe. deer br the * will be ne a the velo- 
city and the fine of the' angle of incidents ABD; and the body U re- 


ceives that reve oy in the direction EB | perpendiculer to the Jurface | 


DB. „KN er: 7 4 
| For if the angle ABD be given, the ſtroke will ber greater in 
proportion to the velocity; and if the velocity AB be given, the 


| ſtroke will be as 4D, or S. < ABD : Or the magnitude of the 
Rroke's : as he velocity ere - e ve os © lf plane. 


N ani cont 44 1955 10 Fe 
ns 2. if 42 perfeliy claire boꝶy impinges on e e 


bad CB at Bru it will be refletted; from rains, ws | 


fleftion will be equal'ta: the angleruf incidence.” 
For the motion at B parallel to the ſurface is not at all chang 


by the ſtroke. And becauſe the bodies are elaſtic they recover 


their figure, in the lame time they loſe it by the ſtroke z theres 


fore the velocity in direction E is the ſame after as before the 


ſtroke. Let AE, BE repreſent the velocities before the ſtroke; 


and ED ( A and BE the reſpective velocities after the 
ſtroke; then in the two ſimilar! and N triangles: AEB, RED; 


ABE is equal to E. 
But ſince no bodies in nature are perfectly claftic, they are 


| ſomething longer of regaining their figure: and therefore _ - 
— DEF n de ee more acute hem enn 
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Core. 2 If o one given | derek impruges wpon e ee body! * the 
magnitude of the frroke wil 4. 4 the relative en between: 440 


bodies. 
arme e Rivkes is as the . BE, or the- Ve- 


For the at 


locity where with the bodies: here oy Prue „ that i is, as * 


relative nnn DIG 22 0 1 
| of + 108] | 
Cor. 4. Aud in 1 if 6 bedy in motion ine 


againſt another, the magnitude of the . will be as the motion let 


by. the ſtriting bod. 


For the motion impreſſed on the 8 that receives 1 
| ſtroke is equal to the magnitude of the ſtroke. And the ſame 
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32 127 A non-elaftic body firiking another non. elaſtis body, only 
loſes half as much motion as if the bodies were Perfect elaſtic. N 
For the non · elaſtic bodies only ſtop; but elaſtic bodies recede 
with the ſame velocity they meet with. 
_. Car, 6. Hence alſo it follows, that i one body alts upon another, 


by frriking, preſſing, Sc. the other re-afts upon this. in the direfion 


of 


% 4 ae 


Z »S- 


1 1 5 214 . 25 4 « A. * 
; 1 N K 
1 2 0 a 15 1 of __ * 38 
ene 
5 K 3 e 2 T 4 nnn 5 1 ' Nai 2 4 . 
; a a E 4 : 
; ky - . » . Ay . , 
1 h the momentum or quantity of motion in a moving 
* Fg 1 8 * * E f 
= i 1 * 


4 line perpendicular to the ſurface whereon tbey act. 
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body, is a quite diſtin& thing from the force that generates it; 
yet when it ſtrikes another body and puts it into motion, it may 
with reſpect to that other body, he conſidered as a certain quan- 
tity of force proportional to the motion it generates in the other 


72 Alb, although the motion generated by the impulſe of ano- 
ther body is conſidered as generated in an inſtant, upon account 
of the very ſmall time it is performed in; yet in mathematical 
ſtrictneſs it is- abſolutely impoſſible that any motion can be. ge- 
nerated in an inſtant, by impulſe or any fort. of finite force 
Whatever. For when we conſider that the parts of the body 
which yield to the ſtroke, are forced into a neœC poſition; there 
will be required ſome time for the yielding parts to he moved 
through a certain ſpace into this new poſition. Now during this 
time, the two bodies are acting upon each other with a certain 
accelerative force, which in that time generates that motion, 


which is the effect of their natural impulſe. 
that this is an effect 


So that it is plain 
uced in time; and the leſs the time, 
the greater the force; and if the time be infinitely ſmall, the 


force ought to be infinitely great, which is impoſſible. But by 
reaſon that this effect is produced in ſo. ſmall a time as to be 
utterly imperceptible, ſo that it cannot be brought to any cal- 
culation ; upon this account the time is entirely ſet aſide, and 


the whole effect imputed to the force only, wh 


ſuppoſed to act but for a moment. 


The quantity o 


f motion in bodies 


the velocity and quantity of matter. | 
quantity of motion may be the ſame in different bodies, and 
yet may have very different effects upon other bodies, on which 
they impinge. For if a ſmall body with a great velocity im- 
pinge upon another body; and if, by reafon of its great velo- 
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ich is therefore 


has been proved to be as 
But the momentum or 


City, it act more ſtrongly upon the ſmall part of the body 


upon 


which 
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1 o bodies move the ſame way, and frike one another 
directly. Now, ſince action and: re- action (by A 3 
and contrary, and this action and re-athion./is. 
by which that new. motions are generated . ie che. 
fore (by Ax. a there will 
contrary parts: And the fore whatever quantity: — 
gained by the preceding body will be loſt by the ene 
one; and e ently' their ſum is che ſamr ag before. 207 A 
And if the bodies do not ſtribe each otheti hut are ſi 
to act any other wayd ag. by preſſure, attraction, — Oe. 
yet ſtill, ſince action and re action are equal and chere 
will be induced an equal change in 5 the bodies, 
"and 3 in contrary, ; fo chat the ſum of the motions will 
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way, is eternulhi und iubariably 4 ame; em theſe 05 
a ſſirmative which are progreſſive, or directed the ſame way; and the 


regreſſive motions negative. And therefore in this ſenſe motion can 


_ neither be increaſed. nor diminiſhed. But, 
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- TeuCorgg-( I you reckon the motions in all-direBjons o be FOR ; 


+ Fives then; the quantity of motion way be increaſed an decreaſed an 
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For let AM be. rhe” motion of each, then before meetin che 
ſum of their motions is M42 ;'and'after their mteting, it is 


0¹⁰ But in the ende of this Prop; M—M is the ſum of the mo- 
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tions before they meet, becauſe they move contrary ways, which 1 


is 0; and ib iso the ſame after they meet. And thus à man 


may put ſeveral bodies into motion with his hands, which had 


no motion before; and that i in as many ſeveral directions as he | 
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will. 
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line in any di 
move uniformly with the ſame velocity 
to carry the body out of that Hine, A maſt Kill continue in it as 


different ways) remain the ſame, whether that ſpace 
or it and the bodies move uniformly forward all together. | 
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any force equally impreſſed, * oth upon the body and ow 
And in c quence of this, they both 

| now as there is no force 


before; and as there is no force bY alter the wollen a the body - 
in the right nde; it will (by Ax. f.) ſtill continue to move in 
it as before. For the ſame reaſon, the motions of any number 
of bodies moving in ſeveral directions, will ſtill continue the 
ſame; and their motions among themſelves will de the ſame, 
whether that ſpace be at reſt, or moves uniformly forward,” þ 

Likewiſe, ſinee the relative velocities of bodies, (that is. the 
difference f the real velocities the ſame way; or their — 4 
be at 


Therefore their mutual impulſes, colliſions, and actions upon 
one another, being (by Cor. 3. Prop. IX.) as the relative ry 


cities, mult (by Ax, 3: ) remain the ſame in both caſes. | 
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1 1 end this ſection, it may not be amiſs to mention a 


certain kind of force, called by the foreigners, vis viva. This 


they term a faculty f acting; and diſtio viſh i it from the vis 
mortua, which with them ſignifies only a licitation to motion, 


ſuch as preſſure, gravity, &c. concerning this vis viva they talk 


ſo obſcurely, that it is hard to know what they mean by it. 
But they meaſure its quantity by the number of ſprings which 


a moving body can bend to the ſame degree of tenſion, or breaæc; 


whether it be a longer or ſhorter time in bending them. So 
that the vis viva is the total effect of a body in motion, acting 
till its motion be all ſpent. And according to this, they find, 


that the force (or vis viva) to overcome any number of ſprings,. 


will always be as the body multiplied * the ä of the ve- 


locity. 
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| Suppoſe any number of equal and ſimilar ſprings placed 5 
body be moved in the. 


e right line againſt theſe ſprings; then the number of ſprings _ 


hick that body will break before. it de: will be 2s: Ae 5 
7 ius velocity; Whatever be the law. ener . 


2 diſtances in a right line z, and a 
m 


ſpring i in the ſeveral parts of its tenſion. For, from the fore- 


"A going Prop! it appears, that the ſwifter the body moves, ſo 


Wuch the leſ time has any ſpring to act againſt it to deſtroy its 
motion: Ang therefore the motion deftroyed by one ſpring will 
de as the time of its ing; and by e 

whole time of their acting; and conſequently the 
0 3 {4 And ſince the + rebitagee. is uoiform, the velocity loſt = 
will be as 


rings, as the © 


e time, that; i 4 as the ſpace directly and velocity / 
reciprocally ; whence the ſpace; and therefore the yr eager, 


| 5 is as the 8 of the velocity. And upon this a 
— why meaſure the force of a body in motion, by the 5 
_ velocity. So at la the vis viva; ſeems to be the total 


ace paſſed Over, by a body meeting with a given reſiſtance y 


* 


reſiſtance is 


which ſpace: is always as the ſquare of the velocity. And this 


comes to the ſame thing as the n 1 tine together, in the 


common mechanics. | 
«Now it ſcems to be a neceſſary p „„ 


the reſiſtance. is uniform, But N are infinite caſes where 


this does nat happen; and. in ſuch caſes, this law of the _— : 
viva muſt fail. And fince it, fails in ſo. many caſes, and is ſo 
obſcure itſelf, it ought to be weeded Ms and not to pafs for 


a principle in mechanics. 
Likewiſe, if bodies in motion impinge on one another, the 


conſervation of the vis viva can only take place when the bodies 


are perfectly elaſtic. But as there are no bodies to be found 
in nature which are ſo; this law will never hold good in the 
motion of bodies after impulſe; but, 1 in this reſpect, it muſt 


eternally fail. 
This notion of the vis vi was firſt introduced by M. Lal. 


 witz, who believed that every particle of n matter was endues 


witha living foul. - 
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And a ; i Win ame e that i is * ficient 
to hinder its acceleration in 25 is e 


of it. 8 * : a "a 4; 8; th * 5 7 . 4% x * > 2 5 2 * 4 * 7 7 * ; 
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on the body in 
5 motion or reſt. Therefore if a body is 
projected directiy upwards or downwards; with any oß 
velocity; it would for ever retain its veloeity if it were not for 
the force of: gravity that. drawsirdown;- 
a force 5 to its gravity were applied directly upwards; then 
(by Ax. 9.) theſe two forces deſtroy each other's effects; and it 
Sun ant the body wis acted on by no force at all. 
And ther A. 1.) een 


1 - 
* 


For the N of gravity — at e 


35 
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"PROP. Ml.. 
TY 14 1 * , 9 111 2 #.- , : 


The velocities of falling bodies are as the times of their falling 


8 
. 0 * 2 
7 8 $ T * AT} „ 
* . ; 


F Y 


— 


For by Pot ulate the body is vniformly acted on dy gra- 
vity, which' is its ac ting force downwards; therefore, by 
Cor. 3. Prop. V. the velocity is as the force and time directly, 
and the matter reciprocally, But by Ax, 5. the force of tr 4 


\ - 


An 1. If therefore: 
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— — — 
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LWS oF GRAVITY. 


71 0. „ ede quantity of carter and conſequently, the ve ; 


a ths 85 ol 8 . % * ks 8 5 ** r 


715 
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- Gor. 1. er weigh, gain equal lacities .. 
Fi Whalgonr, velocity 4 fo i 8 ye 
5 be. thrown direfly 1 iDwards, it 8 toſe Fan — in an Be, rim „ 

- 12. And therefore. bo Roby oo bb WO 


_ quired - "Falling i in any Himes it wil, in Ly Jone time, uſe al its. 


_ ; Hence alſo, 7 5 „ ; 0 actos 1 


n * * * 
3 "s 1 . 5 


"Gor. 4 "Bodies neee by w, veloc ities . equal une. : 


PROP. X. 


o * 
* 3 % = n a „ 
N n 0 tt, . A © 
re * v4 


7 The ſpaces deſrited by falling Jodie; are as the 22 of le Times 
| oF egy? falling from reſt. by 


% 


1 # - 


* 
+ „ 


For by. Poſtal. . gravity Pry a uniform 8 


5 


Se by Prop. the ſpace deſcribed. is as the time and 


velocity. But by the laſt Prop. the time is as the velocity; 
and therefare . the _ deſcribed is as the ee of thi 


8 uy 9 * 7 7 *' 1 b 
time. r — 775 44 m—_ > = x $ X is a 
5 £ . 
|: : 4 


: 2 : & 


. I. e be ares deſeribed by falling bodied are 1 40 as s the So ares. 
of. the velocities; or the * is as the ſquare root of the bright 


oe: 108 


4 Cor. 2 8 27 hb 2 ated; parts of ti time; ; Ds the 3 deſeribet 
by a falling body, in 2 658 Jocefroe part of time, l be as the odd. 
numbers, 1, 3» 5» . 

For in the times 1, 2, 3» 4. Ge. the ſpaces deſcribed will 
be as their ſquares 1, 4, 9, 16, &c. And therefore in the dif- 
ferences of the times, or in theſe equal parts of time; the ſpaces 
deſcribed, will be as the differences of the ſquares, or as 1, 3, 


5, 7. Ge. é | | | | 


FL 


* 4 * * 5 N 


* * * . 
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1 "Cor. * 4 body | moving G he KEITH aquired by fa 3 
7 51 any ſpace, will deſcribe. twice that 87 Parr in, the time. 72 as 


By. Cor. e B 


41 


FEET 


+647 


5 Set. 11. 


” h Ur: nod) 


er h ba: 


*7 7 2 the am 


[Ho JP; « 

£qual; times, Ke cOning from 
\erefore, fince at the 0 ra , points 

of fi eine, ite velocities will be equal, the ſpaces deſc FI ERGY 


er a he che sd de bak 


1 t 3 6. 


© { 0 2 56 { the ye 


ng bode ies h 1 Por 
0 63, by. Cor. 1 ee 
alcended will be. equal 15 & ole de 4 


Gor: 6. 8e body to dhe fete. eb with, aw dune, KY 
the ame velocity undiminiſbed, it would deſcribe 1 twice the e ſpace of 
Jane rimt. O By Cor: 35 An Kaser 


e e eee Warn ind 


fame earth in equal mes. n e 203.00 ANN 72 4 
BEV: ) 2 RN. 45 3 0 QI 6k, Ah 2 * 4 BN. 19 
rh me aA S 8 H O0 3 555 of BU HD 1 
943 5 4A 4 8 At. NAS se lieg ods 
0 11 ne 888 that a heavy body falls 16 beet 
in a ſecond vf time, and acquires ce e en Aer 
over 325; feet in a ſecond 5 which being known, the {paces de- 
ſcribed in any other times, and the: velbeities acquired, will be | 
.knowr:by:the foregoing propoſitions; and the'tontrary: Theſe = 
Ppropoſitions\ ate exactiy true, Where thete'is 0 refiſtaiice to hin- 
der the motion; but becauſe bodies are little te ſiſted by the 
air, deſoended bodies will be a hitle longer in falling; and a body 
projected upwards, will be ſomething longer in deſeending than 
in aſcending, and falls with a leſs'velocity'; and conſequently'a - 
y proj· cted up wards with the velocity it falls with, will not 
—— quite to the ſame height; but theſe errors: are 0 ſmall, 
that in moſt caſes they may ſafely. be neglected. 
I the force by which a body is accelerated in falling was 4. 
; rectly as the height fallen from; it may be cbmputed (by Cor. 


3 


9 


2. © WAA V. ) that the velocity hc wo alſo ha as the height; 


5 


OT 


2 41120 „ Haben noiigh 
x pwards with b g ve 2 2 


d 7; Rue 4% all: bedies from. 17 78 11 ed to the - 


W.-M D AW:8:62 , 


EP or the f. ace deſcribed direct! 23 the e 

Fs wy * | bodies 25 projetted Aponle they 'woul . 

1 2 bo es ge which are as the Neis with which they are 44 
/ = This being compared with Cor. 5. of the la p 

_—  - Leal to conclude that bodies projected upwards, and Red 
WS. „5 by a force which is neither of à given quantity, -nor in 

_— PP to the diſtance of the b ad from te top of the af- 

2 © cent, but betw: en them; that theſe bodies will chen aſcend to 

Et „ which: are between dhe firple; and duplicate r: ratio of the 

TS. Feldeities. 

FF ode propoſitions lead us to the Lebelldgg br ce re- 
lation between the velocities and ſpaces deſcri tbed, from the 
forces being g en, So vice verſa, from that wed 1 being g1 Sven, 

Os the forces "Ray de known. Whence if bodſes are | 8 wink 
W >>; any n into We medium, at HEN VS 75 de Series . 

VVV | ured; the Aw high bo that ly and 


* 1 * bod 
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; '} 4 * 9 Ws PR. + * 
. 1 140 be che dieAith ot the mation, 4G the * : 
. ſeribed and let AB, BC, CD, &c. be all equal; draw 1% : 
BF, CG, DH, &c. perpendicular to the horizon; and complete 
the parallelograms, AF, AG, AH, &c. then by Ax. 1. if the 
body were without gravicy, it would move on in the line AD ; 
2 deſcribe the liges 4 BC, CD, &c.. in equal times. Now 
. acts in lines perpendicular to the horizon, i it does 

A the motion in direction AD; but generates a motion 
- in in direQion AIM. So that the body; inſtead of being at B, C, 
D. &c, will at the ſame points of time be at F, G, H. &c., But 
An the time of deſcribi Ls AC, AD, the body, by the force. 
volk gravity, will deſrend through the ſpaces. BF, CG, Dh; 
V uich arg ache ſquares of the times they are deſcribed in, (by - 
5 Prop. XIV.) that is as the ſquares of che lines, An, AC, AD. 
1 But AB, A4, 4D are equal to LF, LG, B; and BE. CG, 
D equal to AK, * Therefore the parts of the axis 
| of het curve, AK, AL, AAA, cc. are reſpectively as the ſquares 
oOo»f che ordinates KF), „ MH, &c. And OY OY 
. a dene the curve f ins Pte. 8 
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Sect. I. 


rl 


thn: digs. Pune, the gene 1 22 


| perpendicular 4% 4M, and G the vertex. * or then 


Cor. 2. If the e velocities of proj Bites Fa the ſame, * 


N aun 


K ent 17 curve in A. 1 10. : 
AB* LE 
„ 7· 
A or of 5 And in / | 
T7 » Juppofing 4 

40 Su 
- 


PR Ir 0 1 1 18 5 8. 
cor. 1. The line of diregion AD is a ta 
- i; the latus rectum to the point 45 is 


ever their elevations he, they will deſcribe the ſame parabola. 
For if AB be the velocity and direction of the projectile, then 
AO. is the horizontal velocity. When the body comes to the 


vertex G, its motion is then parallel to the horizon, which parallel 


motion remains the ſame as before, that is, equal to 40. There- 


fore it deſcribes the ſame parabola, as a body projected from G 
with the velocity 40 parallel to the te ; 


Cor. 3. The velocity of a proj ele in | any point of the curve, is as 
- the ſecant of the angle of its Hallen above the horizon. 


For AO the horizontal velocity is the ſame at all points of the 


curve; and the velocity AB at A, in the curve is the ſecant oe 


the w_ of elevation OAB. 


Cor. 


. The velocity at any Fe of the curve is the ſame Jha is · 


1 by falling through * the parameter belonging to that point; 
or, which is the ſame, through I of the Principal lattts reftum + the 
abſciſſa to that point. 


For let IA be the ſpace fallen through to acquire the velocity 


in any point as A; then the ſpace AD deſcribed in the ſame time 
with that velocity in direction AY, will be 2AT (by Cor g. 
Prop. XIV.) but in the ſame time, by the ſame force of gravity, 

the body will deſcend through an equal ſpace DH, therefore 45 


. or MH.= 2DH or 2AM ; but the parameter = 


a 
AM 


MH* 


AM 


or 44M. Therefore AMor AL = # n, 


E 
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PROP. 
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PROP, vl. 


The dane di "ll ＋ bude, —_ 7. any MET PTY an} 
3 5 at amy elevations, are as the ſines of ibe doubled * — 
33 | ane the e 4 the velocities conjuntily. | 


"a | 57. i Nees v= bci of the projediile meaſured by 2 ſpace it it” 
| » ' Paſſes tbrougb in time 1” 


B 8 | 1 HIM bh * deſcent of a body by gravity in the ſame time. 
1 ns * = AE the horizontal diſtance, or amplitude, 


. = fine J the elevation VAE. 


3 } of cuir the elevation + 1x 15 a 


Then by trigonometry, 25c=4, and 255=B; when the radius 
is 1. And | in the right angled triangle AE. 


Es 2 5 I # 


* — 2 * — — — 5 N 
re r > Sr — rn 
» . 
"+ $ 


=VE. 


4 . | And by Prop. In. | 
4 Ep v : (time) 1 :: (f = = time of deſcribing AY. 


= us And by Prop xIV. 
4 F: (time) 1:: — (NE): == ſquareof thetime of delenb- . 


ing VE. Nowthe Gabebt deſcribing A, VE, and the curve AGE 
wage * 


* 


: 7 5 : | _ all equal,” Whence 7 =o Therefore * = » =, | 
v4 And therefore x or rAE is as vv. 


5 | 
£7 " SIM 

; * 
; * 


Cor. Hence, the altitudes of nas are as the 3 of the 
EP. fines of elevation, and the ſquares of the welocities ; or as the verſed 
Jines of the doubled angles of elevation, and the ſquares of the veloci- 


* N ties. 


— . For if G be the vertex, GP =+ GP = 1 VE, and VE =: 
=_ . Therefore GP = 28S — ww Therefore GP is 
= i as vet oras wu B. Eo: 
3 | | * 7 | Cor, 


4 


Seck. —— Pp RO 1 E 01 E 8. 8 Y 1 gp 
Gor. 2. The times of fight f e are as the velocities, * 
and the fines of elevation.  _ pay 


* 
For os time =——= — - 
| 5 cy 2 | ; A Ns 1 C = — . 4 


5 "6 3. 27 be greatef bunden or Ae projefiion, is at the . 
elevation of 45 degrees. And the horizontal diſtances are equal, at WE 
elevations _—y diſtant . or below 45 | 5 | 


. $-C 0 L. ; < 157 3 | 25 — 
| Let b be the height of the © PrP rejection with the = > | 
4; "x velocity v; then will þ = . Whence 
Horizontal di Mance = = — Wwe 5 wp _ — 4: = — 1 
7 f I 


Altitude of the Projeion = => 2 = 72 = b = Bb. 


Time of fight = 8 „ 5 _ 


PROP. XVI. | = 


The di TORN of projeions made on any inclined planes, are in > the | 1 
CP complicate ratio of the fines of the angles which the lines of direc- : Nw * 
0 tion make with the plane and zenith, and the the ſquares of the ve- 7 
buocrcities, direftly; and the cofines ſquared * the n s elevation 


| reciprocally. 


Let AE be the inclined plane. AV the direction of the pro- | x * 
jectile, $4, CP, VE perpendicular to the horizon; Al the 8. ""Y 
path of the projectile, and let * 

| © S velocity of the projectile in A, meaſured by the ſpace A „ $3 
„ deſcribes in the times 1. _ 4 
x pace deſcribed 9 a FRG body in the ſame time. OY 
: 5 ſine f VAE, c f 74 
| c ine of VAS, 8 . | 
J | 5 
"= 1 * AE the * — or random. 5 © 


« g Y 2 4 q 
ark 2 Then 2 | _— 
. ; : — : 


FI 


28 


po 


PROJECTILES. 
«Then by plane Were, : ns 5 0 5 ; 2 ö 
i 'S®': AY = = and F 


: ix . — = $ <4 
c #22 %K 


FS And by Prop. I” 
Space v: time 1 22 ( A: dae often AB. 
| And by Prop: "XIV. | 
Space F/: time — * 
deſcending TY I 
Bur the times of deſcribing AV, VE being equal, we have 


Fe ==; whence x = 2 and f 885 ib: 
given 12 x or AE is as = 


ſquare of the time of 


Cer. 1. The beig ele the planes, are as 8 
velocities, the ſquares of the fines of elevation above the plane, 


_ and 1 of the cofines of the plane's elevation, re- 


ciprocally, | 
For if AP=PE, then G is the vertex of the parabola, in 

reſpect of the plane 4E. And GP IE = . 

8 3 1e of 


Cor. 2. The times of. 125 art are as the velocities and fines 1 ele- 
dation above the plane; and the coftnes f the owe! s elevation re- 


ciprocal x. : 
For the time is = == = . 
| ä 


* 


Cer. 3. Hence als th the altitude is as the Jae of the time o fight 
For the altitude is =, and the time w_ * | | 


Cor. 4. The greateſt . upon an inclined plane, is when 
= 5 ne if direction biſetts the angle between the plane and zenith, 

nd the prejections are equal at W nally * om this 
tine, above and below. 263 OD * 


— 


For 


PN 


_—_— PROJECTILES. 


= as 
upon the ſame plane, AE is as oh, and oc in greateſt-when FIG 
=y And at equal diſtances above and below cis the fave. 83. 


Prep. bolds true, whether the projedtions be made 
5 . or whether both planes W nail 
be inclined and the acher harizontal. | 


SCHOL. | 8 


bees height ofche perpendicular prjecin ay eſoe Ge. 


3 2 . | 


of | 


40 K = AE the length of the projection, j then fer S d, 


whence v ='2 Jos: . And ſupppoſing the utmoſt random of 


ane of our . s to be 5864 paces; then v-= 194 paces 
= 324 yards, ſo gone ball ſhort out of her, moves at TE rate 


of 324 yards in a ſecond, All this ſuppoſes that there is no 


reſiftance of the medium. But it may be noted, that by reaſon 
of the air's reſiſtance, the upper randoms, being more reliſted, 
fearce. go fo far as the under randoms; and the greatelt random 


upon a horizontal plane, is therefore at ſomething leſs elevation 


than 45 CO 


- 
S by p . RAS, 
"Opp" f 8 — 
1 . , 7 
Ie $1 MX, * 
WN. * . * 84. n 
5 A 3 * 


[Fe] 
4, 


e ee 


%%% %%% %%% 


s E CT. II. 


De properties of the mechanical powers; the ba- 


lance, the leaver, the wheel, the pulley, the 
ſerue, and the wedge, 8 


or. w. 


If at the ends of a balance AB, which are equally diſtant from the 
center of motion C, two equal weights be ſuſpended ; they will be 
in eguilibrio. 1s 25 . 


Here AB that repreſents the balance is ſuppoſed to be a right 


line, in which are the three points 4, B, C. Now the weights 4, 


B, cannot a& upon one another any otherwiſe than by means 
of the balance AB, whoſe fixed point is C. | 


Suppoſe then that any force applied at 4 puts the body 4 
into motion, and by means of the balance the body B; then 


ſince the brachia of the beam CA and CB are equal; the 


arches Aa, Bb, deſcribed by theſe bodies will be equal. Con- 
ſequently the velocities and quantities of matter of A, B, bein 

equal, their momenta or motions will be equal. And, becauſe 
ACB is a right line, they move in a contrary direction; and 
therefore by Ax. 9. theſe bodies cannot of themſelves raiſe one 


the other, but muſt remain in equilibrio. 


Cor. Hence equal forces A, B, applied at equal diftances from the 


center of motion. C, will have the ſame effect in turning the balance. 


1. PROP. 


Seck. Il. MECHANICAL POWERS. 8 


ED | Pp R o P. XIX. 
Is any y freight _— i the 5 P be to tbe weight . as the 


' diſtance of the weight from the fulcrum C, to the diftance of the _ 


power. from the fulcrum ;, the power and weight ( __ perpen- 
WW mat. on the leauer) will be in nnn | 


i eri is any inflexible beam, ſtaff, or bar, whether of . ; 


or wood, c. that can any way be applied to move bodies. 


There are four kinds of leavers 3 
. 1; A leaver of the firſt kind is, that where the fulcrum is * 


tween the weight and the power, (fig. 10.) 


2. A leaver of the ſecond kind is, _ the weight is be- 


tween the fulcrum and the power, (fig. 


3. The leaver of the third kind is, wet = power Pa Is be- * 


tween the weight and the fulcrum, (fig. 20.) 
* T he fourth kind | is the bended ſaver, (ig. x2. .) 


i 


1 Carr 4s; 


1 xj ks of the feſt kind Mp, inſtead of the R ap- 
ply a weight P to act at the end of CP. And let the leaver VCP 
be moved into the poſition aCh. Then will the arches Va, Pb 


be as the radii V, CP; that is as che velocities of the weight 


and power. Whence ſince P: V:: M; CP, therefore P: 

W :: velocity of M,: velocity of P: therefore P x velocity of 
P =W x velocity of V. Conſequently the momenta or mo- 
tions of P and are equal. And ſince they act in contrary 


10. 


directions, therefore by Ax. 9. neither of them can move * i! 


other, but they will remain in equilibrio. 


0422 II. 


Phe leavers of the e and third 1 kind may * ales to 
the firſt thus; make C9=CP, and inſtead of the power P, apply 
a a weight equal to it at p. Then by Caſe 1, the weight and 
power p will keep one another in equilibrio; and (by Cor. Prop. 1 
18.) the weight p and power P will have the ſame effect in 
turning the leaver about its center, therefore the power P and 


2 W.will be! in equilibrio. 
Cor. 


% I9. 


20. 


hs j 
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— 


710. 


10. 
Il. 


1 2. Þ 
13. 


14. 
15. 
16. 


; 17. 


18. 


MECHANICAL POWHRs. .'' 
Cor. 1. In any fort of leaver 6a Areigbt or bended, and whe- | 
ther moveable about a fi ngle point C or an avis AB; or whether the 


leaver be fixed to the axis and beth together moveable about two cen · 
ters A, B of whatever form the leavers have ; if AB be « tight 


ine, and from tbe ends P, V there be drawn lines to the center C. 
or perpensiculars to'the axis AB; aud if the power and weight a 


perpendicular io theſe lines, and be always reciprocally as theſe dif- 
tances drawn to the cemer C a or axts * AB; then uy wilt be in & 


| librio. | 


* 


Cor. 2. te any ford of hos Wer, and'in be tir Bions the t 
power and weight alt ox it; if their quantities be reciprocally af the 
perpendiculars to their ſeveral lines of direction, let fall from the cen- 


ter of motion\"theywillbe in equilibrio. Or they will be in equilibrio, 


hen the weight multiplied by'its-diftance, and tbe S. angle of its di- 
rectiun, is egual to the power multiplied by its diſtance, 5 * < oY 
its direction. Ne * C S- D e FC xc. EC. 

For the power and weight will be in equilibrio if ths be * 
poſed to act at E and D; and by Ax. x4. it is the ſame thing 
whether they act at E and D, or at P and V. Aw v7 an 
E Ae N. = DC, and FEXS. P=CE.. 

23 tb v41-» 

8 3. "Hence ts. if any force be * 70 4 2 4» 
Hes in moving, the leaver, will be as that force multiplied by the diſ- 
zance' of its line of direction fram the center of mation. Or the effett. 
is as the force X by its diſtance from the _ and by uw 22 . 
1 90 its en P Xe ns and 8 


Sf +E4S 


Cor. 8. 5 the (FIGS "IM . the 4 and power are in 
equilibrio, and alt perpendicularly on ibe leaver, or in parallel direc- 


tons; then of theſe three the power, weight, and Preſſure upon ther 


Vu, any ane of thennj4 as the, difance of the other two. 


10. - 


19. 


For if GB repreſent. the weight 7, then. cn will aan the 
power P. And in Fig. ro. C ſuſfains both the weights, and 
therefore the pteſſure is Vp; and Fig. 19, 20. C ſuſtains the 


difference of che weights, and therefore the * vine P. | 


% 


PRO = 


ses. . ENO uante POWBRS. 


EY 1 go Le N. 1 
* . | ' \ 4 * 


1 


WO * 0 8 ; » 


FE) 1s 21 


1 ſe of WY be ſuſpended. an aftre 1 leaver AB ; 1 ui the 
7 be produtts of each weight, multiplied by its diſtance from 
prope center of motion C, on one fide, be equal to the ſum of the like 
products an be qther fide ;, N LE will be in e And 
1 contrary. | 5 
For the force of each weight to move the leaver is as the weight 
' multiplied by the diſtance (by Cor. 3. laſt Si and'the ſum 
of the products is as gs whole: hea . hich i they be equal, 
the e on e es: are e the R remains at reſt. 


oF x 4 | 
3% iy Non 8 N , 3 * (n Nes 
d Fo 5:8 - 


x 4 93 4 4 4 U N 
s, % WL : d. * %, Lo ied 
| | bs | a | PR 0 * 
5 da S3-ta4 % * . * &'y 33 NY XXI. 
„neee * ww 


Fa bende Five WCP be kept in equilidrio ph two powers, W 
i the directions PB, VA perpendicular to the ends of the leaver | 
11 255 ö and if the lines of direction be produced till they meet 
11 A, and AC be drawn, and CB parallel to WA. _ T ſay the power 

, the weight or power W, and the ee adding againſt the fulcrum 


| 5 5 will be be. repeat e as e al aud in e 2 di- 
Ef efTions. 445. 4 


272.4 Up. „„ : * 4 


Dia CB, CF p el to 42 74 ; * the ie ale WEC= 
WAP=CBP, and the » right angled triangles VCF and BCP are 
ſimilar; whenceCP : CB :: CW: CP :: (by Cor. 2. Prop. XIX.) 

wer P; power V. Now ſince-(by Ax. 14.) it is the ſame 

- thing to what points of the lines of direction PB, WF, the forces 
P, IV be applied; let us ſuppoſe them both to act ar the point of 
interſection 4; then ſince the point A is acted on by two forces 
which are as CF and CB, or as AB and A; and both theſe are 
equivalent to the ſingle force AC (by Cor. 2. Prop. 7.) There- 
fore the fulcrum Cis acted on as the force AC, and in that di- 
a by Ax. II. : 
Cor. 1. Hence the power P, the Sorts W. and the PEPE; the 
fulcrum C faſtains ; are reſpeFively as WC, PC, and PW, That 
FS, any one is as the diſtance of the other two. 
| For ſince the angles at P, , are right; CA is the diameter 


ofa circle N through the points 4, P, C. M, * | 
F, the 


3 


* 2 1 1 = by N be: 5 * 1 TI ? 9 * 2 
a 2 1 ; : a 7 by & 
- 4 4 
Ee * ü S- 
. £8 
5 N 
\ — 4 
— . | n . 
nn VIC! POWER 5 
= MECHA Po 8. 1 D 
* 4 


. the ate WPC=WAC=ACB, and the angle CWP=CAP; 
therefore the triangles ABC, V. a 5 Phe and 4B: C: 


„ 5 TY Pats : . 85 age BC; AC e Bui, herefore, Sc. 
Wo © Gs, © To af nee PEP fbr „ e af det Hh obs 
EE. =p is e br ure * . . x Bs Gn 3 e 


© For if not; the teaver would not rem ain'in, equllibris. 0. Bb Z 


+ 


AI; ile Salz des 


2 3. 7. 4B, 2 5 4% fte BY moveable about 4 C 4 one fe 
= a, upon the end B uf the leavin AB, is Eve decor. 
8 re I whilk the leaver AB atts upon CD at B. Tf BE be drawn per- 
| 7  pendicular to CB, and A parallel 40. BF: And if theſe leavers 
AE. |  - keep one another in equilibrio. © Then I eh the force in direction 
is EE a force againſt DC in direction EB, ART Toy * 
| „ center 4 are Weaveh N B. MTs et 
Fao.ts fince (by Ptop. 9.) the teaver ABaQ'v TD in 
mt ae Ede neee ro BC; and the leaver CD. re- 
24 cts in direction BE; and (by Ax 19.) the point & ig acted on 
8 in direction BA. Therefore the Pine Bis acted on with three 
forces; BF the force applied at B, and BE the re- action of the 
leayer CD, and AB the re- action of the center A and. HE is 
THY poi N toy he ) WE. orces, hg ol 


: ; 


; A : 5 þ 
$ : f * 8 * 
\ : . 5 a a q * * ” 4 9 1 23 * AS r * F ” 
; 24 ET 3+ 4 TO SIN an Yi ws 2 y 5.104 
1 : * * 2 3 2 8 * . N >, . At $2.5 8 — hs i ts; * 3 
8 : 5 e 5 2 A . 5 >. #4. 5 il 
| we 14 9 i *- FF Ty 939638411 1 
5 8 
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3 0 * — * 9 . Jp 3 . l 4s £4 W * 
* pd x is 6} 75 ; 


PE, . 25 kb 1 B. BE alting N ro FR lr 
„ DE, keep theſe leavers in equilibrio : The forte BE, force BF. 
and {preſſure at 4, are reſpe3ively 4s radius, Coj, AE D, and 405 5 


For then E AB is a ri ght-angled triangle; 3 and theſe forces: are 
"as BE, AE, and 4B; hat is, as radius, S ABE, ye SE 
chat i is, 8s radius, Col, ABD, and S. ABD. . 


— 
— 
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FE As in equilibrio in any 4 
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Vo ass 
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2 BG, WW 
Ae e 75 


1 Wy Wer 542) Inter % Ep 
22 0h 2 5 
IE * 


* ee 0 Se _— Uo? AÞ mo AN ebe BY 0 iy 2 


E In: ou: | 
4, the other C5 will 2 nove obmt-ith:canten O r 


the arch BD deſcribed by D will be equal to the arch BK co 96 


Ne 0 29 en 4% OR, „AA Nees du a X 
N 8] og ny be AA QA rho, antes, van auer De 
Wy A. N bether Whedeaver, AB af.agdint 
e ee I aner CRN Nr wide cb, 
akoays in —— di ds ddt 0 sg 4D et M 0 
| Rat: w3%7td Janes dan aria Wop A Amd wh by TAG 
| uy Gare. re 82 i gg KAT pd diferided 
the circle 2 by the geprating direls R Hd v the ln 


25. 


5 BE 
e J Tight line: CB and e cpictsteid GE. in then the 


9d: AB+ by egal ord aging at B, Will keep; dh, 


a AD quo gle: mo 
For when AB is come to A, and CBE to CK F; then the 
arch BK = arch BD. Whece: the Freight or forces acting at 
the diſtances CB, AB, have equal velocities ; and therefore will 
in one aner. imo Dog % A AN erev as off T 
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5 - — 
c — 
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! b2Yoqqut df iz eBrgo! WW pail oh Wolde. 
es n Ja. 4 BT 
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J 8. II 1 hoe, 
a - E BC be infinite or (which i, is the 12 AR 4% 
* | 22 ue perpendicular to. p e is, the com- 
D move nf 


id. Therefore, whilſt Fe — 
8 . the ee e m 
JN 'equal velocities and fo er!! 
ating pon tht" cytloidal tooth N 
will Man oe hiv rene en 
In like gre if BH b#'k ne, 0 
t BE; ben PE or 447 WW 
1 DB revoli on Ide c 
77 hoy Den 


| 5 2 5 foes we 


27 5 
28 e . 8 
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ny %s 0 N r r 
e Nye wbb be. 
— — 5 wh 0 . 
166.8 py. 


152125 75 ke on” the r, 715 hi 
use fOBEÞRE 16610 WH inf 110 Ber N p 0 p 
FL and K of the hover! Fe CD, will move, with equal velocities, in 
BD; BK; fore) Mor the Ried 5 in — 4 
70 e e ee oe 0s Wy UAD wh e 
pb > AA IM Rv mays Wikies Th rc GN din, wh 
a.” chr. 6. If the two epicycloids BE, BO be d:ſeribed upon BM AL. 
with the generating. circles BD, BK ; and the hovers AB *I CB 2 

PO Ar r , Ui eee dee Nef be 
AD bf a ND S Wh e 

" of the lever CB, will at the ſame time Moòe wong 500 thi 

or DRZ; and the points 725 K, hl deſcribe the equal arches 2s 
n n Dick d ey 
Nb e, ad, a x0 bot bet dne Nee AAR Sh 4 
„r Fon the epfeyeleid DN ge ND. on DB eter hers 
17K BR.. A Alſorheeptopiloit | 
Nr De ns By ore e un s | 
AY) bas AN 03 27H We Woche, 10 


will paſs through D, Whek 
32 a9 4 err 
18 gi 2 f 11 Ma 98 Co IE. GA % = NA fie 
tw szelziech bas 7 e iiioolzy laups ad AN 4D 22 nflib 5s 
24. The leavers AB, CB are ſuppoſed only to act upon one and 
25. ther, below the line AC; for us the action ſuppoſed to be 
e continued 
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YEHA NIC/P'OWERS. 
Jine AC, the point B would no longer a& 


TS Divo At e hogs 2 2 
ATA IDE LS Ut CEE UE 4% \ * 1a. 


Fes ** . . * £ Fo RC * WL a; . "XXIV 2 IN ; & 4 5 


1 W e e del e , W; Nl 
ö 9 15 055 lr alt, 40 the diameter of the 
"wheel AB, wheres the þ reed 405 ; 12 the power and weight w 


"be in equi 2 We 1 1 e N 


NN IS 58 


For Nl 20 d de Wheel" CD'th hn, ; 190 a Wppole the wheel 
and axel to turn once round; ten ir is plain the power P will 
ave 97 —5— ce equal tothe euere of the wheel ; 
Fm 5 U Bave riſen a height" equal to the circum- 
| ir, k SA kreröre, vetdciry ILY to velocity of 

:: as circumference : 8 5 Wheel, DER afereoe of the axis 
: or as diameter of the wheel, to diameter of the axis :: that 
is A 2 48 V. to P. Therefore the motions of P and 


W are equal; and haue qual Foftes to move each other; and 
therefore (by Ax. g.) will remain in equilibrio 


\ 


110. 
TU 1 Nacken e _ N 85 equa 12 of - 


QDs ow wie peer othermiſe,) © Foriche wheel and axel 


dom ea iedaced 10 Alezver of the rk lend: For the fulcrum 
fene drawing lines 


Ce rey ner goin 
We Seni and weight, paralle 
Ly W hariza 3(Apdirhe radius of Poe will fa be viltance 
Payera\aediche radjue of che axel the diſtance oß the 
And as heir dil ure 3 as the, weight and 


N (by, Prop, XIX.) they: will be in equilibrio. 
f ak thus the wheel and axel is no more bur a ; perpetual leaver. 


r. 3.1 g- berg ey Emi chicks then if the prwer 

bs ay diameter of. the axel. +, the, 7 Abe rope: 
meer; of thewbeeh aber the..power © SHY » be in equi- 

AVS A $70, Aww Gs 

©; aFor\the weight really bange half the rhcknek, of the > 

die bi eee = e 

e n 20 lite nr * 2 

> Cor. 2, Hibe, he direQliqn 0 of t the power is 101 a Agen to the what, 

| N it qa a#: at D, or d, and let CA be perpendicular to the line 

J hiregiqus, tben. if P: M:: e they K will be in equi- 

Ade, Cr. 2. 2 iy XIX. 5 


d — 
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ae! TE 


31. 


uad NO WER s. II 252 


I. ol) No, nil 15 Heck bapii 
2 Tf the wiel @ and axe 7 i 7 ts 126 7 27 bl 
0 atting on the "teeth 225 {be — 5. N. g 48. 
teeth at A; as the. diameter of the 7 at A, to the 2 of the 


wheel at B; then the wheel is in 3 


Cor. 4 And it is the Jas Tin: if FN af a wheel ee be 40 


e e 


. ese 841 bet Tn 4 85 8 AG 
1 5 _ 


\ „ 
Cor. 53. The farce of the wei 257 + 15 e when EY more 


hires the ae e re PL bag N eſtyc, zug | 
IIe the diacn Even of, the gr bau 35ND trum 03 . 6 


2 1 „% 9326, SYPHON 913 71 5901199 
2 thr. 6. e 1 5 Lk ons 9 mou 
aue, remains. the ſam; the, Tel 

Len, Jai Ade * 2 10 ee [71D 28 3 

: 26H . 2ix8 577 10: wmgib 01 Ls 17 to 1919meib 2 10 :: 

bas 1 en or dg ots A or en (noiftogqut yd) et 

bas 125 ado 285 vo DPH bas ph d NM 
5 h niatnei Ii (.6 R A yo} viotorad? 

NBR M abe robe fcb rel Tr the! me Mund, aid f the 

Aker 525 knpnf3e e kpie⸗ — % ν , WA ee 

eee png ie e feel 
BY e 9 D 

2b 70 Boſe 4 Mur 20 0D e . 


mn, 5 6s If 4660 t . W Df A a 
1 W 3 . "el 
15 Aube t 1 be In vn 
12 3 5 4 be e ON 2 21 e lo20w _ = ba 


Draw de adi 1D U ddt; thew AD abd.CKPmay 
de ede rw . Jeavers moving bog C, and acting dn 
one another in D: And the fame of Ad, Ota, "big tl nat 
by the motion of the wheels BD, BK, ſuppoſe D always be 
in. the epicycdoid KD; then A Prop. ik vin Dx, 
and 3 3 15 wag” Bd _ be = Bt, "and gu- 5 
uently or. 1. Prop. XXIII.) the point g T will be i in the epi- 
2 cycloid [7 And ul ik there be never ever: many tectſrod, 11 | 
: D, &c. they wilf always de in the ciirves of the epichels sds 


BE, td, KD, Ec. the . 8 either Paal 
5 Tr | LE wg 0 


. 


eck. m. 2 BE HA NIC POWBRS. * 
dos ene ane her, or t Sep ae ak all. And as the ve- 
Fe cities of N NaN are equal the two whyels, BD, BR, when 


only one tooth acts upon one, they will ſtill be 8 if never ſo 


many act 1 
nets | 

"Gr. 1. Hence ** weights 2 les applied to the circum- 
ferences of. CA, WReels, as as A, and atting one againſt the other, 

lone Bee! A drive. ib CB, its teeth acti 5 
i er, t Wpeets 1106. e WAYE its fei aktin upon the 

Hb Ade 15 the cyelbids; or SORE CE 'CB drive 4B, The & Convex 
4 of the 9 vid acting againſt the teeth of AB. 


2555 28 25 „ if any ſort. of a togth rs be Placed at B; andif 
the 

ſcribe the. bid BE or KD, bi the track. of t 

of the tooth in marked out a b KD 


e extreme points 


and of the ſame form and bigneſs." Then if one of theſe wheelsis ſup- 
pales. to drive the other, by theſe teeth. running. in the ſpaces DfKe ; 
7 Os the circumferences of theſe wheels will moue with equal veloci- 


ties, and; all the working teeth al aft together, This is evident, 


becauſe the points B, D, will by this motion deſcribe the epi- 
Jon JFF 


& V the clad BY be deribed on the boſe KBH, with 
2 1145 40 8 circle. BD; and a portion of the epicyclaid be placed at 
" equa 

ating. againſt. the laid teeth, will make the motion equal in the 
% 20 eels. . here we may tak as great a portion of the cycloid as 
we will ; and the Hides BO, LI, which act not, may be of any figure, 


e pheels in equilibria, N it is the ſame thing 


infead H the pins B, or the infinitely ſmall teeth 


4% move about ſa that the given pou. B may de- 


; and the ſpace Ke Di be cut 
away; and the ſame be dane far 5k the other teeth, being equidiſtant 


diſtances. B, 4 FL K, far. teeth ;, then. the teeth of the. wheel A 


F.1 0. 


34. 


3 


_ nat to binder the motion of the teeth of A. And it is the * thi ng | 


what Part .of the toath. 0. the O18 G alis againſt. 


K 4 But the teeth ought not to act upon one another Before they 
arriuę at the line MA, which joins their centers And though the 
fide BO of the tooth may be of any form; yet it is better to make them 
bath ſides alike, which will ſerve to make the wheels turn backwards. 
"Alſo a part as par may be cut. away on ihe back-of every tooth, ta 
make way for-1 e of A. And the more. teeth that work to- 
gether, the better ; 41 leaſt one 10th ſhould always begin before the 
other bath” done "work; ng: The teeth ought to be diſpoſed m 
ſuch manner as not to trouble or hinder one another, before they 
| begin to work; and that there be a convenient * depth and 
6 


thickneſs 


46 Mei powiks. 17 28 


r1G, thickneſs given them, that —7 mey more ry e thein ſolve 
35+. 4% well as en 


51 
* A 12165 


6 - v4 » * * 5 — 
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36 In à 2s of Aba with ah; if the power P be to the right 
ITCNiß as the produit of the diameters F all the. axels, pinions, or 
| trundles; ; to the produtt of the diameters 5 all 'the woheets, they 


will be 17 equilibria. . a = Ss 
g % & 3%) J Lis » I 75 „ E 0 da _ * 


. For by Eb. XXIV. os K 
The power P acting at 4: Force on B :: ahh ang gun” 
and force on B or C: force on D:: diam. diam. gee 
force on D or E: weight Wat :: diam, F: diam. 
Therefore, ex equo. en 
Power P: weight :: product of the diameters B, v. Fr | 
to the * of the diameters ISS CS . : 
28. Cor. 1. Ina base of wheels going 3 tl wo W | 
7 be to the weight W, as the produt? of all the diameters 772 the 
axels, B, D, F, to the produtt of all the diameters f! ihe wobeels, A. 
C, E; they will be in equilibrio, - © * © 
For the cords ſupply the place of teeth. 


86. Cor. 2. Io an combination of wheels with teeth, 17 the de- 7 

be to the weigbt W; as the diameter of the axel F where the weight 

atts, multiplied into 'the produt of the teeth in each pinion or ſpindle, 

is to the diameter of the wheel A, where the power alis, multiplied 

by the product of the teeth in each, of the wheels (that the pinions art 
againſt) ; the weight and power will be in eguilibrio. 

For the number of teeth in each wheel and pinion that act 

againſt one another, are as the circumferences or as the diameters 

= that wheel and pinion. hw 


, + 


hd 


FE Go. 3. And bence alſo, if the power be to be „ wet, in a ratio: 

_ compounded of the diameter of the axel F, where the weight ads o. 
tbe diameter of the wheel A, where the power acts, and the ratio of . 
the number of teeth in the firſt axel, (B), reckoning from the poxver ; 
to the number of teeth in the ſecond wheel (C ), and of the number of 
teeth in the ſecond axel (D), to the number in the third e (E); is 


4 _ on till the 4 z then _ will be in W „„ 
. ce. 


I 
Ted 
* 


Cor. 4. In a 5 5 Is the mo _ 8 of Fro. 
the «wheel F where the weight alls, tothe number of revolutions of 3 6. 


the wheel A where the power acts, in the ſame lime; is as the pro- 

dul of the teeth iu the pinious, to the produ#t of the. terth in the 
wheels. which af in them ;. or as the prada of the diameters of the 

* 10 * * ee of. the wheels, ©. 17 


2 


SCHOL. 


- Wheels with oblique teeth come under the fue tes 3 but 


as they are related to the ſcrew, we refer you ne Lon a far 
ther account thereof. 

In wheels whoſe teeth work rogether, they ſhould not enedün- 
ter before they come to the line joining their centers; becauſe 
the rubbing is greater on that ſide; but being paſt the line, the 
teeth ſlip eafily along one another, in making weir eſcape; fo 
that the friction & is a inconſiderable. 8 


- PROF; XxvlI. 


{7 « own ſlain «wap means of # rope going. over 5 fake 
"LY 3 ther he pytoer is equal to the weight. But if the pmlley 
be moveable together with the wergbt, and the other end of the 


rope fixed ; ng: the Power will be but half the Weight: © 


For ſuppoſe + horizontal line 48 drawn through the enter of 
the pulley C; then that line will reprefent a leaver, and (in Fig. 
39.) where the pulley is fixed, the eenter'C being kept immove- 


able, repreſents the fulcrum ; whilft the weight acts at B, and 


the power at 4 And becauſe-BC=CA, therefore (by Prop. 

XIX.) the ower £ is equal to the weight . 

And fin Fig. 40.) the fixed point B is the fulcrum, and the 

7 weight acks at 2 and the power ＋ A; and ſince BC is half A, 
therefore (by Prop. XIX \ an ar P is half the weight . 


. Monte all fixed pulleys are alent ts Terbers if the y 
nd. And they aud mv r power, bat only ſerve to 
ebanze the dtrectum, and facilitate the motion of the rope: But a 
moveable pulley dowbles the force. And if a rope go over ſeveral 
Pulleys, A, B. C. whoſe blocks are all feed the power is neigher 
L ee nor diminiſped, 
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* 3 N © PROP. XXIX. 


. 1 46 grew, if the g e ail M as the boipht 
due ad reckoned accarding to the lagth of the ſcrew) 10 the 
8 "circumference deſerih by: one n % 1 


LEE; * raiſe e * "0 ubült the 
WE -- wer s the.circumference whoſe radius-is PC. There 
r che velocigies of the power? and weight ure reciprocally as. 

DES. Wir quantities : 2 een thet . e ad Ly 
F Ha 4 "4% "EOY © Ts 8 

= wk * ge SR e or per tual al trait; Eby warm, 

* lee, ar tooth; which . the $661 of the . wheel CD. of: you 


ul the diflance of two e the ſcrew AB, according 1o-the 


7 — C 


* —- Greumference of the whett Ch. Fhen if the power P be to the 
V, as that diftance (of the teeth or threads) to the- lengib 


by . Sn dirt#ion of the cixcumference.. Aud if a ' weight W aft at the 


8 9 deſeribed 5 Jhe power P, in one revolution: 5 then they are as e. : 


| For in one revolution of P, the wheel DC with the weight 1. 
bas. moved the diſtance of one tooth: 


-- 


| | ; | ke F the axis AB ; or the diſtance of two teeth in thi a. hr CD, 
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Seck. III. MECHANIC POWERS. 


Cor. 2. Aud univerſally, if there be ſeveral worms or ſpiral leaves, 
upon the axis AB, and the aneight G hangs upon the axel EF. Then 


if the power P, is to the weight G :: as the radius of the axel 
EF number of worms in AB, to AP x number of teeth in CD. 


Then the power and weight are in equilibrio. For by Cor. 3. Prop. 


F I Gs. 


.  XXVL: if n be the number of worms, then P: G:; 1 x 4 EF: AP 


e x teeth in CD. 


Cee. z. And by reaſon of the obliquity of the teeth, the force afing 


erpendicular to the teeth, the lateral force perpendicular to the wheel, 


and the direft force in the plane of the wheel , will be reſpefively, 


4s radius, the fine, and coſme of the obliquity of the teeth. 3} 


For let GD be the fide of a tooth ated on; GE parallel to 
the axis of the wheel, and DE perpendicular to it, or in the 


plane of the wheel. Now if GD repreſent the force acting per- 
pendicular to the tooth. Then DE, GE will be the forces acting 


in the directions GE, DE, (by Cor. x. Prop. VIII.) but if GD 
be radius, DE is the fine of the obliquity, and GE the coſine. 


Re Cor. 4. In the common ſcrew the leſs the diftances of the threads | 


are, and the longer the bandle is, the eaſſer any given weight is 


7 


Cor. 5. What is here demonſtrated, will bold equally true, if the 
wheel CD att upon another wheel with oblique teeth, inſtead of the 


80H91. 


The force of the fcrew reſembles the force that drives a body 
up an inclined plane; the force acting parallel to the baſe of the 
. F | | 5 
All things here laid down relating to the perpetual ſcrew, do 
fuppoſe that the axis of the worm ſpindle lies in the plane of 
the wheel it works in, and that their axles are perpendicular to 
each other ; but if they are in oblique poſition, and the teeth 
of one or both alſo oblique, they cannot work without loſs of 
power; a part being loſt proportional to the obliquity. | 
If any worm ſpindle contains one leaf or worm, then a ſpin- 
dle of twice the diameter will require two worms, and one of 
thrice the diameter, three worms, &c. to work in the ſame 
wheel; and the power is beſt eſtimated by the riſe or fall of a 

tooth of CD (Fig. 43.) for a revolution of the power P. 
| | G 2 PROP. 


N ME CHAN ICG. POWER 8. f 
110. | . 
» R 0 7. XXX. 


45. Let EFG be FY back iy baſe of a r: in fow f an 1085050 tri. 
angle; then if the power acting perpendicular to the back FG, is 
0 the force or ręſitance ating againſt either fide, in a direction 
perpendicular to that ſide; as the back of the wedge FG, to eit ber 
of the fides EF, EG : Then the weage is in equilibrio, or, which 
is the ſame thing, the power is to the whole reſiſtance againſt bc th- 

Ades, as the back FG, to the fin of the Nes EF, EG. | 


For draw the axis ED perpendicular to the baſe BG; x and 
CA. CB perpendicular to the ſides EF, EG, then DC is the di- 
rection of the power. And (by Prop. 9.) the impediment to 
be removed, acts againſt the wedge in the directions AC, BC; 
and therefore (by Cor. 1. Prop. VIII.) the power, and the aQions 
of the impediment, are as FG, FE, EG 1 when they. 


are in equilibria. 


(Gb 1. The power aftin g perpendicular to the baſe; is to tbe res 
atting againſt either fide, in a direction parallel to the baſe KG, or per- 
pendicular to the axis DE ; as the baſe FG, to the height ED : When 
the wedge is in equilibria, or the power is to the whole force againſt 

both fides (in drefion 8 to FE Y as the back EG, 10 wier the 
_ beielt BE. 

For the bores EG may be divided i into the two ED, DG, (by 
Cor. 3. Prop. VII.) Then ſince (by this Prop.) EG is the force 
acting in direction CB; ED will be the force acting in direction 


Do. 


Ce. 2. The ſharper the wedge, or the mare acuts its. angles the 
ale i i. r divide any thing or overcome any 1 r 
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PROP. XXI. 


1 N n 1 W Ie TJ \ ** \ 


Fas iv, te elend pre on dne glans AG, by i 


er acting iu a direction om fo that plane.” - Then 
7 75. tneight of the hody, J b. GO | 
The pawer tht ſuſiains ii. [ the beight 
And its preſſure azeinſt ihe rn, : | and — baſe 5 *Y 
Are Foun, as & 4 2 beer 


„ BD perpendicular to 403 hes the force. of gr gravity 
tends perpendicular ta the horizon, or parallel to CE; and the 


directſon of the power is parallel ta DC; and the preſſure againſt 


the plane is (by Prop. IX.) parallel to DR. And therefore their 
quantities are reſpectively as the three lines CB, CD, BD, (by 
Trop. VIII.) chat is, by lat triangles, as AC, CB, and AB. 


Cer. 1. The weirbe, power, and preſſure on the axe, are re- 
Hectively, as radius, the fine and coſine of the plane's elevation. 
Forthe ſides of atriangleareas the fines of the oppoſite angles. 


Cor. 2. The relative weight of a EY to make it run down an 


inclined Plane, is. as the height direaly, and length ne 9 
28, er it is as the fine of tbe Plane: s elevation. 


AC 


Cor. 3. If a cylinder be ſuſtained upon an inclined plane, by a power 


drawing. one end of a rope parallel to the plane, whilſt the other end 


is fixed. This power is to the weight of the cylinder, as half the 
* to the length of the plane. 


For half the relative —— of the cylinder 1 is ſuſtained by the 


other end of the rope Which 1 is fixed. 
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DESCENT or BODIES 


2 N * 1 he . e n 

II it be 3 to find the gates of * e AC, whoſe 
height BC is given, ſo that the given weight may be raiſed 
through the length of the plane A, in the leaſt time poſſible, 


by any given power P, acting in the direction DC. Make AC = =. 


”, 


84 & 


8 ky 0 deen 44 ty * 


<a moe — ” GE OW 2 43 


P R o P. XXXII. 
If a heavy body 74 be ſuſtained upon, an inclined Ow AC, * a euer 


acting parallel ro the horizon. 1 . e NN 
The weight of the body, ide baſe AB,.. IT 
The * that ſuſtains it, the heigbt CB, 
The preſſure againſt the _ and the length 4 
Are Nee 4 22 J of the 4 px 


FP or the body is Hhſtained by three forces, the power, the 
gravity, and re- action of the plane; the weight is perpendicular 
to AB, the power is perpendicular to CB, and the preſſure is 
perpendicular to AC. ' Therefore (by C Cor 1; Wenn — m _ 
forces are as AB, CB, AC. : a | 13 

Cor. Hines fte preſſure on the A ibs pe and the weight, 
are e ly, as iow wh the Jen ne and ow Ine of the Plane s IOW 


4 / 


PROP. XXXII. 


* a Kirby 150 1 be 1 tained upon an inclined ales AC, by a RE | 
P afting in any given direfiion WP. And if ed be ket fall 
perpendicular on WP, Then, 
Fear P, | DB, 
Weight of the body M, | AB, 
Preſſure upon the plane, AD. 
Mill be reſpetiively, as 


* 


* „ 


sed. IV. 2 an; INCLINED (PLANES. 


For fince BD is pe rpendicular to the direction of the power, 
AB to the direction of gr gravity, and AD ta the direction of the 
preſſure on the plane. Therefore (by Cor. 1. Prop. VIII.) theſe 
forces will be reſpeively as BD, A. AD, 9 22 are in 


* * a 


. I. 7 Be power, erbe, 4 Seals againſt ibe lack are re- 


1 | foeflively as the fine of the planes elevation, cofine of the angle of 
traction CWP, and the coſine of 1 TE of direfFjon LI che power 


above 46 borixon. 


The 8 of ration is the angle that the direction. of the 
power makes with the plane. And in” the triangle ABD, the 


ſides are as the fines of the ee angles, we D S com- 
| plement of DWP... ; 


Cor. 2. Hence whether the line of seien is the d be elevated 


above or depreſſed below the plane; if the angles of traction be equal, equal 


powers will ſuſtain tbe weigbt; but the preſſure is. E rl when the 
* Ld een runs biloio the Plane: O | 

"A . The Power P is leaſt * the line of diveBion i is purallel 
to the >: z and infinite when perpendicular to it;  andequal zo the 


* ous rene, to the. borizos: 


Cor. 4. If a weight aper an inclined plane be in equilitrio with: 
another hanging freely, their perpendicular velocities Wy be ure. 


ay as their quantities of matter. 


For let the weight at be made to deſcend to A, and draw 


Wr perpendicular to. AE, and Mi, Do to AB ; then the weight 


P will have aſcended a height = Ar, which is its perpendicular 
aſcent z and W is the perpendicular deſcent of V. The figures 
Aru. and AE Do are ſimilar, as are alſo the triangles AEB, DvB. 
a Vt: gt 44 ob AE : : DB: AB = (by this Prop.) 


en. 5. And therefore if any two > beds be in „ e upon two 


inclined Planes, their perpendicular velocities will be rectprocally as 
their RG of matter. | 
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51. The "4 MF a hed ( 8 from reſt 5 15455 upon, an yl -g 

clined plane, is to the ſpace which a body falling perpendicularly, = 

| Brides: in the e , as the e of the r CB, to Gi I 

' length 40. | vid F 

| . The 2 "wherewich a body endeavours to WIS ho upon! an | 5 
= inclined plane, is equal to the power that ſuſtains it; and (by - # 
Prop. XXXI.) that power is to the weight of the body as CB to Eo 

| | CA. Therefore the body is urged upon the plane, by an unis 1 
| | formly accelerating force, which is to the force of gravity. as CB 9 
i | to CA. But (by Prop V.) the motion generated in the 1 
—_ | time, and in the ſame body, is as the force, that is (fince the = 
=; 15 body is given) the velocity is as the force. And (by Prop, IH.) A 
| | the ſpaces uniformly deſcribed with the laſt velocities will be aa * 
| —Þ theſe velocities; and (by Cor. 1. Prop. VI.) theſe ſpaces ara 1 
| | double the ſpaces deſcribed by the accelerating forces. Theres | 2M 
| fore the ſpaces deſcribed on the plane and in the perpendicular, 1 
are as the laſt velocities,'or as the forces, bei is as CB to 0 1 

Cor. 1. Hence if BD be tet fall 8 to 40 * : in tbe 1 

; time a body falls through the height CB; another body, deſcending 3 

| along. the inclined. plane, will run through 'the ſpace CD. 8 1 
| N For theſe ſpaces are as CA to OY is, as s CB to CD, by fie 0 
milar ane | . +» 
| . Cor. 2. The velocity acquired upon an inclined lon, is to the = 
| velocity acquired in the ſame time by falling Aae. as CB to = 
| CA, or as CD to CB. 4 
| 4 
$ 5 c or. 3. The ſpace Aſeribed by a body moving down any plane in in 3 
a given time, is as the fine of the plane's elevation. b 

For if CB be given, CD is as the fine of CBD or CAB. X| 

Gor. 4. The ſpaces deſcribed bs * deſcending md given ; 

Plane, a are as the ſquares of the times, 8 e 4 
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5 ds Ads Ae n · « Slee CD, & h aw 


3 2 9 the perpendicular . G MY as the e of 85 


e 0h \ wee 46 ohh Na Ka TOP EY 


"Por « DE, AB being er ark to CB, ani BD t to Ac, 


The time of deſcending through CD. or the perpendicular CB : 
time of deſcending: Are EP 2 OF Tn . n 
E:: ED 8 CE. „ 


Cor. V the body be hs 1 move 1 arts „ with the Sar ict 


No 4 


acquired in deſcending, it will aſcend 10 the ſame beight on the plane, 


and in tht ſame tim. 
For it will be adi retarded i in aſcending 3 \ aid in all 
points will have the ſame velocity i in GR as. ARR 


ee 


Since the force * which bodies 3 3 an inclined 
plane, is a uniformly accelerative force ; therefore whatever is 


demonſtrated of falling bodies in Sect. IT, holds equally true, 


in regard to the motion of bodies upon an inclined plane; ſub- 
ſtituting the relative weight upon the planes inſtead of the ab- 


ſolute weight of the bod. 

Hence therefore'a body p yojeRed on an inclined lane, will 
deſcribe a parabola, And 5 the velocity of projection upon 
the plane, be to the velocity of à 212 the air; as the 
relative gravity on the plane, to abſolute gravity. And 


both projected at the ſame obliquity; "ny Who! * vill | 


be NY in boch caſes. 


/ 1 


'P * 0 P. XXXVI. 
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A body acquires ne fan dali in deſcending 3 an inclined 


Plane CD, 45 by falling perpendicularly K the 5 Wh 10 5 


plane Gn 


For drave DB — to CD, and the bodies will de- 
ſcend 3 CD, CB in _ fame time; then (by oe 2. 
7 | 1 | , 0p» 


5I» 


; 7110. 
51. 


52. 


; whatever, are as 15 r roots th rhe 1 
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Prop. XXXIV.) velocity in D: velocity i in B :: CE CD, and 
(Cor. 1. Prop. XIV.) velocity. in B: velocity i in E: 98 8 
ck :: OD: CE. Therefore velocity in D : velocity i * 


CE: CE, and therefore the neee D _ E ar Ta] IJ 


—2— 4 C OWL Bot He" 


Ger. . „. boch acquires tbe faite: e in. falbag nts ary 
height, whether. it Jos ene” or Wan an r. I 5 


* _ 1 : Th } aſl 
, 2 , * q 5 74 iT 
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Cor. 2. hn 225 1 . Fr a Jodits - falling from 


pr ſame height, to the ſame horizontal right * on any . 1 
0 are he wa ys 9 | 


Cor. 3 N the ee Fn? at any PRE 9 8 ahitules D, PU 


they will be equal at any other two equal altitudes A, B: Wks rh bo 
ęuire equal increaſes 4 n in 9 18 EB, , DA of Has l 


— 8 
Cor. 4+ The velocities Pg by 1 down ar Mans 
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PR OP. XXXVII. e 


y 


Is a circle whoſe 3 CB: 10 ; perpendicaler to the RE a bod 


will deſcend through any cord CD or DB, in the ſame time as it 
will deſcend poyradicalarty threngh the diameter CB. 


For the angle at Dis right, therefore(by Cor. 1. Prop. xXXXIV) 
the time of deſcending through CD will be equal to the time 


of deſcending perpendicularly through CB. Draw CE parallel 


to DB, then will CE be equal to DB; and a body will deſcend 
through the cords CE, DB in the ſame time. - But the time of 


deſcending through CE is the ſame as falling through the dia- 
meter. Therefore the time of deſcending through any cord 


CD, DB, is the ſame as falling through the diameter CB. 


Cor. 1. The 1 11 mes f de ſcending through all the cords of @ ivele, 
drawn from. either yy” Cor B, are equal among themſelves. 


Cor. 2. The velocity IWR) by deſcending Ro any cord ch I 
or DB, is as the length of 4 the card, a 


Fer 
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Seck. . 2 16x/INCEINED PLANES. 32 | 


x For draw D cular. t CB, then CD Ae. 11 0. | . Y 
and. DB .v/ CBXBFs and, (by Prop. XXXVI) a r 4 
_ quires the ſame velocity in deſcending through G, as in falling 4 
through any but this (by Cor. 1. Prop. XIV.) is as'4/GF, that = 
is as CD. Alſe a body acquires the lame. ADE ea 
as EB, and that is as V5 or as DB. 6 5 


C. 3 . But 4 body will deſcend 5 1 the jrall arch of AD 
a circle, 3 through its cord TB. 5 
For if BG, 70 be two tangents, then the relative gravity 
at T'in the · arch and cord, will (by Cor. 1. Prop. XXXI.) be as 
the ſines of che angles 760. TBO, or as BT. and TG, or BG, 
that is nearly, as two to one when the arch is very ſmall. And 
the accelerative force in the circle being double to that in the 
cord; therefore the velocity will he greater in the arch, and the 
time of N 0 onto, their. Wee W _ 
_ faine:-:- hy 
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175 Jody OR fred along curve fate and} nother! holy ; 
\ deſcends from the 4 log 7 a ee "Ne ae 5 . ” 
velocities vill be * at all equal altitude. 
14 8 a 04. 128i f. HOG 
Let a body deſcend from A fee: apes 2 . to the 
horizon BC; and another deſcend through the curve ſurface _ 
AKB. Divide AC into an infinite number of equal parts, at 
the points D, E, F, Gc. to which draw lines parallel to BC, 79 | 
interſecting the curve in IN, Gs &c. then the curve line AKB =. 
will be divided into an. 1 number of parts, 1K, KG, Sc. TEIN | 
which may be taken for rige lines; or the curve ſurface into 7 
an infinite number of 8 ining at I K, G, Sc. . 
Now if the velocities be ſuppoſed to be equal in any corre- 8 
ſpondent points as I and D, then (by Cor. 3. Prop. r 
they will be equal in K and E, after the deſcent through 7X; and 
being equal in K and E, they will alſo be equal in G and f 
after the deſcent through KG; and ſo on. Therefore fince the 
motion begins in A, they will acquire equal velocities in de- 
ſcending through the firſt plane, and likewiſe through the 2d, 
© 3d, 4th, Sc. And therefore the velocities will be equal in all I 
correſpondent Points 1 and D, K and a G and F. & 6. an _ - 2 


B and C. | 


4 


_ 


7 "Ih ence a body filling by on etl ee b, 


7 ” 


cy 'in the curve; fir had fallen end. 
cularly from the ſame height. And therefore the velocity in any 
9. the curve, is 48 be . root 14h the Mr deſtined. j ED rz 


curve whatever. And the velocities will + be equal at all equal alt= | 
tudes. And the aſcent and deſcent will be in the ſame time, if the: 
curves are the ſam. 0 5 4. 

For the forces that generated. the motion in deſcending, wilt 


velocities. by aſcending equal heights, the curves arc- 
ſimilar and equal, every: particle of the Fo . deſcribed 
with the ſame velocity, md. therefore in the ſame time, whether: 
nog e On ry mon 09129. e b 2551 


Cr. 4. Thin Prep: "Non bee, whether te curve AKB, _ 

in one plans perpendicular 10 the horigen, or in Jes Planes. this 
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54. The times 1 Pk Meng trwo fimilar parts o. ſemilas 
. = i the ee ratio of their lengths, ab, Ad. 


Divide boch curves into an equal number 1 e e 
parts, ſimilar to each other; and let bc, BC, be two of. them. 
1 ſimilarly poſited; and draw. 75, RB. perpendicular to ab, AH; 
$ By Prop. III. the ſpace deſcribed. is as the time and. velocity, 

5 and the time of deſcribing any ſpace, is as the ſpacg directly and 
wo 8885 reciprocally. * Cor. 2. * XXXVIII. the velocities 
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in b and Bare as f in Y "char it becauſe e 40. 


ate flmilar, a6 Vis and / Therefore the rims 27500 LA 


| ſeribing le 2.0 dime of oſeriving BC. ba _— food 1 


* 1 


EY e — 21 e; 5 . * l, becwoke the. 


curves mill divided. Whence, bycompof tion, the whole f 


time of deſcribing ab: whole time of deſeribing A 7: is in the. ; 
dame given ratio * ab: MAB, or ad: SAD. © 


Cor. 1. Hence if two pendulum; deſeribe fimilar, arches, the | times" 


of their pibrationi, are as. the ſquare noots of their, leib: Or tha, 


lengths. as the ſquares of. the NV; vibration. oy 


For let ba, Hi, be the len of they endulums; then, ber. 
cauſe the figures are fimilar, * is ad AD! AD: hd: D. 
* Cor. 2. Fs pendiilinn vitrats in d Abcls, 2he velacicy 8316 N 
loweſt point, is is the cord 0 the arch + Keeribed doch, 2 
For (by Cor: z. Prop. XXVIII. 40000 the ſa ehe- 
city pr the arch av in ie cord; and (by 55 wy XXXVII 90 


< 
* Sl ” 


the velocity in 2 the e cord, is as the cor 


Cor. 3. The lemi of, pendulums x gh, 
reciprocally proponi anal to the niere 55 tbe number e vibra- 
vows, in ag | Ties: nol 5: WO, = bak 5 1 
. ER P R 0 P., Kl. 1 5 4 
Ff a pendilam 0 in & cyeloid, the time. of ons eee 2 TY 

-the time of a body's falling perpendicularly through balf the length 

| of the pendalum, us ich circumference of & eircle do the diameter. 


Let Aa be the cycloid, FD its aB, Fo the generating 
circle. Let the body, deſtend from H, and in en deſcribe 
the arch Hab. _y HD inro innumerabl "ſmall Lg and 
let Bb be one of Thrgugh H, B, I, draw Aus, BE; 
21, perpendicular. to the axis 75. About the ian ter MD de- 
ſcribe the ſemi-citcle LD! 3 
alſo draw LP parallel to MD,” and DE, DG, GE. 

The man CDG, & HR are ſimilar, and CD x Pech. 
Alſo the triangles QL and IL are ſimilar, and NL : PL: ; 
2L : Ll, and 2 N: Nu :: MD: Ll. And ſince by the na- 
ture of the cycloid, the tangent in Bi is parallel to che arch GD, 
therefore Gg is equal and parallel to 3B. 

Nou ſuppoſe a body to deſcend from E through the inclined 
Plane ED, fince this is a motion uniformly accelerated; yt 

."o. 


. 


— 


T4. 7 8 _ 


and from its center A draw MM ? 


S 


* 
w  VIERATION:0os PENDULUMS/i 3 
IN „ 11 (y Cor, 1. Prop. VI.) ĩt would; in the time of its fallt deſ ihe; 
5. 22D, with the. velocity. aps And fince (| * 

Prop. IH.) the times are as the Ipaces directly, and Velo cities 


reciptocaliy z and (by Cor. 20 Pro a the wetycities/ 
are as the ſquare foots of the heights; therefore it will be, as 


Wy | 18 88 16 8 
ime of aefcriding Eh: time in car La 2 ED : 1 
'_ *Bioda 9:13.90 120 Dee 435 j's MD © . | 


2MD, e N. ede 0. o Naz 3 by: dia- 


VIA Vn MNG vi ii tna 
lar triangles, wi 
Again, ben the velocity is iv ger 2 ber de ne or | 
tele ded, gr a e as time. in cr: time in Bb 5 
DN : {Dia ; by Heiler triangles. The preforeex equo, rips, 


MN Bb A e 8. A 


e Fi — 1 
45 And vag tho II 8 Feed pe 15 1185 
m 


1-circumfe — oe 
And ſince the time of cſcending chroug gh HD is is e qual to the 
time of deſcending trough Dr und (b 57 XXX VII. Y dhe 
time of defcrnding throngh E is equal witherime in the d- 
ameter FD, And 2FD'is = DV, the lengeł bf che pendulum 
being the radius of curvature in D); therefore as the time of 
falling through half the length of the pendulum FD : time in 


by 7 H Db, or übe of one vibration anne 


2MED. enn N e d el 
Cor. 1. Haus ab ridrations Ses 5nd nals a 2 2 in 
egual times, . Apd tu unequal arches ube e ge wks | 
MN Jors 727 55 ad. thoſe Jo be deferibed, tn 
ole arches ;, and in any arch HD, prin 


— —— — Paint B, will be as the moth Se 95 bati 5 
br For the deſoc t 50 of 15 Bo 0 195 wh 2 55 | 
the point Hast te Alſo (by the nature of t e cyclaid) 
tangent at Bi . to G, and BD=2DG.. And (by or. 
2. Prop. XXXI.) the relative weight on GD: (which | is the ac- 


1 force along GD, or the l at BY: is as —— ND 


D 
i that is as - or 2GD . or as BD or a8 BD, becauſe FD 


2 | 25 : 755 FD #D 
| is given. Whence the accelerating force being always ac the 

diſtance from the bottom, therefore, in any two arches, the ve- 
= locities 


| gect. W. VIBRATION: 07 PENDUMUYMS: = W 
=_ loeities Sen rated every moment, and che e der rice 
1 ſcribed, Will be as theſe. e forces, that is, as the whole arches. A 
IM And conkeeuently the ſpaces deſcribed, and the velocities gene- 
7 42 1 AY Ts will be as ans. who, N and a ore : 
; goo deſcent in Es, vo dhe lsof 2 in I HD, 
YZ 35.45 the arch M., to the ſemi· circumference MAL D. | 
Z Cx. 3. The velocity f n, e pon By 
l . or SHBx BDb ” 
; For (by Cor. 1. Prop. NIV.) the ſquare 6f the velocity in B 
3 is as. MN, that is a MD—ND,'or — = DH. DE- 
: becauſe DRA DE, and D 2 20D, "by. the n nirire of the <y- 
cloid; and DEI given. ba „ 
Cor. , , F. the length of * pendulum 7 D be made double the 56. 
axis FD; und AR, arb, be two Seihi-;ycloids equal 'to HAD, 
and ſo 22 that the vertes (as DJ Be ar I And a. Then the pen. 
- dulum VH Vibrating between che eyeloidal cheeks AR, arV ; the 
point EH wilt deftribe the cychid A Db; and the time of its vr. 
bration will be 3 1416 * time of falling throagh FD, Ba the 
length of the pendulum. ; 
All this follows fram the nature of the cycloid. 
Cor. g. Heure alſo itrappears from experiments on pendulumi, that : 
at the ſurface of the earth,, a beavy body will deſcend n a. ſpace 
of 16 v Engliſh. feet nearly, in one ſecond of lime. e | 
For it is found by abfervarions upon clocks, that 2 pendu- 
lum 39, 13 inches long, vibrates once in a ſecond; therefore 


Tiers iſ time aim faling chrougb FD or _ inches. 
0 conſequently (by Prop. XIV.) the ſpace fallen through i in 


one ſecond wilt b&2224. X. 31476 2193,96 inches = 16.0913 


feet. Vet a KIT waa vibrating freely will be ſomething longer 
in vibrating than a clock, becauſe the palate wheel of the clock 
acting againſt it, takes off ſomething from its aſcent, and makes 
it return ſooner, or ſhortens the time. 5 
Cor. 6. Hence alſo if pemiulums of the ſame quantity of matter and 
any lengths, be alted on by different forces of gravity, their lengths will 
' be as the forces of gravity, and the ſquares of the times of vibration. 
For the times of vibration are in a given ratio to the times 
of deſcent through half the lengths of the pendulums. And 
(by Cor. 3. Prop. V.) if the matter be Siren, the velocity ge- 
nerate 
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6 VIBRATION or PENDULUMS. "= 
10. nerated in deſcending bodies is as the force and time; and by 45 
Prop. VI.) the ſpate deſcended is as the velocity and time, that _ 


* 
/ 


- Tx” 


of the pendulum; is as the force, and ſquare of the time of de- 


ſcending half its length; hence che length is as the force and 


"a TI . 
> A 3 14 1 bi 


ſquare of the time of vibration. 


Cor. 7. From the motion of pendulums it alſo follows, vba in am ont | 


Place, the quantity of malten in any body is proportional to its weight. 
For it is certain trom experience that pendulums of equal 
length, whatever quantities of, matter they contain, vibrate in 


the ſame time. Therefore they will deſcend through half the 
length of the pendulum in the ſame time; and bote entf 

would acquire equal velocities in the ſame time... Therefore 
(by Prop. V.) the velocity and time being given, the quantity | 


of matter is as the force of gravity, 
Cor. 8. Hence it alſo 


| ſpaces in bodies, For ſince (by Cor. 7.) the quantity of matter 
is as the weight of the body, if it were true that there is an ab- 


ſolute plenum, all bodies of the fame bulk muſt be of equal 


weight ; which is contrary to all experience. 
5 | : — + % . ws 5 ; > 


If a pendulum AT ofcillates in a circle TR. and in the mean lime 


be atted on in the ſeveral points T, by a force tending perpendi- 


cular to the horizon, which is to the uniform force of gravity 
as the arch TR, is to the fine TN : The times of all vibrations 
will be equal, whether great or leſs ' oO OOO 


For from any point 7 draw TZ perpendicular to the horizon, 


and TY a tangent to the circle in T and let AT expreſs the 
uniform force of gravity, TZ the variable force at 7; draw 
x perpendicular ro T7. Then the force 72 vill be reſolved 
into the two T7, 7Z. Of which ZZ, acting in direction AT, 
does not at all change the motion of the body. But the force 
TY directly accelerates its motion in the circle TR. The tri- 
angles ATN, ZTY are ſimilar, and TZ: TA:: TY: TN; 
but (by ſuppoſition) TZ : TA :: arch TR: TV; therefore 
TY = arch TR: that is, the force TY is as the arch to be de- 
ſcribed TR. Therefore if AT, At, be let fall together from 
the points 7, 7; the velocities generated in equal times, will 
be as the forces TY, ty; that is, as the arches TR, R, to be 


deſcribed. But the parts deſcribed at the beginning of the mo- 
tion, are as the velocities; that is, as the wholes to be deſcribed 
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follows, that there are vaduiſies or empty 
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the 4 n 2170 
10 — ole vd 28 N. Mt . alem ag = 
— #| 971 7 
"hs 2. Hence if a pet dulum vilrate Bk 8 of 1 gravity 25 
the” times of 1 if very ſmall di ni de N 
ml rok 0 
Mall meffes the rarts ; of the arch to the cor cord d is 5 pearly 


a — of | equality. 


Cor. 3: But the time of vibration in larger 3 is greater than 
the time in leſs arches of a circle. 

For the gravity at T being leſs than the iſocronal force, the 
body will be longer in deſcribing that arch, 


Cor. 4. Hence alſo if a pendulum vibrates in the ſmall arch of a 
circle, the time of one vibration is to the time of a body's falling 
through twice the length of the pendulum, as baif the circumference 
of a circle to the diameter. 

For AR is the radius of curvature of a cycloid, whoſe axis 
is 2 AR, Therefore the circle and cycloid coincide at R, and 
the ſmall arches of both will be deſcribed in be ſame time; 
that is, as expreſſed by Prop. XL. only here we take twice the 
length of the pendulum and half the circumference, which comes 
to the ſame thing, by Cor. 1. * XXXIX. 


Sen 01. 


In theſe propoſitions, the vibrating body is ſuppoſed to * 
very ſmall, and is therefore conſidered only as a point. But if 
it be of any determinate bigneſs, the point to which the length 


of the pendulum is meaſured, is not in the middle or center of 


gravity of the body ; but in another place, and is called the 
center of oſcillation, as will appear in the VI. Section. 


It 


- © . | A A 5 
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8 VIBRATION or PENDULUNMsS. 
110. ER has been proved; that the fame pendulum. is longer in 
= 57, vibrating in a large arch of à circle than in a. ſmall one. And 
= 9 may be computed, that: if a pendulum vibrates ſeconds in àn 
| extremely ſmalt arch; and & be the length of inches of the 
1 cord of any arch A; then 3 4 CC will be the feconds loſt in 
24 hours by vibrating in the arch z ꝝ1J. 
| And if. a pendulum vibrates ſeconds in an arch 24, and e 
} de the cord of 2, or of half the whole arch. Then 3 2 & 
CC—cc will be the ſeconds loft in 24 hours, by vibrating in the 
arch, the cord of whoſe half is C. LE 
' Alfo if the bob of ſuch a pendulum can be ſcrewed up or 
down; and you put number of threads of the ſcrew cons 
tained in an inch, y=time in minutes that the clock gains or 
loſes in 24 hours, Then it follows, by the theory of pendu- 


lums, that —2.- y will be the number of threads or revolutions 


37 Sg | 
of the nut, that the bob is to be let down or raiſed up, to 
beat ſeconds, nen 
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0 f 1 the center ” Wee and. its properties. | 


L towards D. 


PROP. XIII. 


| Ia a line be drawn from the center of gravity of a body 8 


10 the horizon ; and this perpendicular falls within the baſe upon 
which the body reſts, the body- will An but 4 it Yu —— 
tbe 8086 it will fall e TI ; | 


Cas 1. 


* 
4+ 


Let C be tins center of aravity; CD e to the ho- 


rizon, falling within the baſe BEFG ; draw KC, and ſuppoſe 
the whole body ſuſpended at the point C; then (by Def. 12.), 
the body will be in equilibrio, and remain at reſt upon DC. 
Now take away DC, and ſuppoſe the body. to be ſupported only 
upon-the line RC, moveable about R; then (by Ax. 8.) the 
body AB, together with the line RC will endeavour to deſcend 
from the poſition RC towards D. - Alſo, for the ſame reaſon, 
the body and the line CS wil endeavour to deſcend from the 
poſition CS towards D; but as theſe two motions oppoſe each 
other, the body will be ſuſtained by the points R,. S, and 
therefore it will ſtand, And the ſame is true of every t two 


TROY r * S. 178 i W 4+. 


c 48 E II. 


But if CD fall without the baſe, then the line RC and the 
body at C will endeavour to deſcend towards D; alſo the body 
C and line CS will endeavour to deſcend towards D likewiſe; 
and as this motion does not oppoſe the other, there will be 
nothing to ſupport the end ; therefore it muſt neceſſarily fall 


1 2 | On- 


FIG. 


59. 


60 
FIG. 


69. 


* 


CENTER Or GRAVITY. 


Cor. 1. Hence it follows, that if the center of gravity of 8 bo Z 


Be ſupported, the whole body is ſupported. - And the center of gr avi 
of the body muſt be eſteemed the place of the body. And if it be 
Suſtained by any leaver or beam, its place is at the point where the 


beam is cut by aline drawn row the center ef gravity perpendicular 


to the ISO 


Cor. 2. All the gravity of a beds or the force it 3 to 


deſcend with, is collected into . the center of gravity; and therefare 


whatever ſuſtains the center of gravity, ſuftains the whole weight. 
And the "Gy of a body mu be W by the ſcent of its center 


/ gravity. 


© Cor. 3. Hence alſo the larger Ie baſe m iy which a body 
fands, and the further within it the renter ＋ eee ee, wy 
remove 


firmer the body will ſtand, and the more difficult to 
' the contrary, the leſs the baſe, or the lefs the cemer of gravity fall 


60. 


61. 


within it, ſo us the eaſter it is to be moved out of its place. 


Cor. 4. 2 a body be Jaid upon a plane GF, and one end PF gra- 


dually raiſed up, the body will flide down the plane, if tbe perpen- 


roll down. 


dicular CD fall within the vaſe : $ hoes if it _ W 11 1 | 


Ls Robey XL. 


The common center of gravity C of two bodies 1 B, is in the 
right line joining their centers of gravity; and the diſtance of 
either body from the common center of gravity, is AE as 
the _— of matter in it, 


Let 4, B be the centers of gravity of A and B, and fuppoſe 


AB to be an inflexible right line, or leaver; and C the fulcrum. 
Then if C be the center of gravity of the bodies A, B; thoſe 


bodies (by def. 12.) will be in equilibrio. And conſequently | 


(by Cor. 4. Prop. AIX. CB :: B: A. 


N. 1. If e be never ſo many bodies, the common center of 
gravuy of them all, is in the right line drawn from the center of gravity 


of any one, 10 the common center of gravity of all the reſt; and it 


divides 
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divides this line into two HF echt 
of all tbe reſt of. the bodies. +. ö 
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a+ L 5 


For let D be another body, and let B 2nd..4. be placed in 


C, then will Ga D +: DE; CE. And fo.onf ae dee, 


Cor. 2. I viral 1 A: B, D, E, E he's is equili / Rid upon a 62. 
freight leauer AF, then the. Fulcrum 0 18 e . ceuter of - 
gravig. of all N Zö dies. e 
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PROP. XLIV-: Es 


2 Heart, A. B. D. E. Pi, hl by 7 plane 72 63. 


ar to the berizum; the ſum of the preduas 

a *. each þ AH by its. diſtance: from that plane; if they ate 

all on one, ſide , or .their difference, if. en. cantrary ſides; is qual 

to the ſum of all the bodies multiplied by. the laue 7 their - 
common center of oy Jew. that Plane. . 7 


TI 7 vn * 


Drau liges ebcogndigniar, and, parallel to. Do plane PQ ws in: 
the fig. and let O be the center of gravity. Then (by Cor. 3. 
Prop. XIX. ) the force of all the — to move the plane 7 
about R, will be Dx D+oEX E+rBxF—— Ak 4—BIX B. 
That is NN D+eC+RCX E+RC—fCx F—aC—ROX A | 
N B, r N DEN FC x ACK B＋ 
RC DIE LIFTS: by cauſe C is che center of gravity , 
of the bodies, therefore (By Prop. XX. 5 R DC x ESN F 
+aCx A+bCxB x. therefore we have mDxDpvEXEtrEX . 
F—Atx A—BIxXB=ERCX AH. IDF ＋ F. ' 


Cor. 1. This Pr rop. is e wall {eur for any plane n For 
ſuppoſe the plane and the bod tes to be put into any oblique 
poſition, all the diſtances will remain the ſame as before. . 


Cor. 2. If any pie be Folds through the common center of gra- 
vity C, of any number of bodies A, B, B, Gc. and each body be mul- 
tiplied by ibe diftance of its center of gravi 5 from that plane; the - 
fum of the-produtts'on rarh fille are egual: * ac +B * +F8fC-. 
=DxdG+ExeG. | 
For the diſtance of a body muſt be eſtimated the diſtance. - 
of its center of gravity, 


Cer, 


pr cally © bathe zo the fon mis. 


sect. V. CEP r SKR 1 T 1. 61 


\ 
7 p 


62 


FI.. 


63. 


80. 


64. 


CENTER .or GR AVI T. T7 


Cor. 3. Hence alſo the fum (or ' difference, ). of the pode of 
ho Particle of a body multiplied by its diſtance fr 14 7 any 57 
whatever, is equal to the whole body 1 Mance of its 
center of gravity from that plane. And if the Nas: paſs throug 
the center of gravity, the ſums of 1 the products on each Ade are equal. 


| Gor. 4. The Yew bf the forces if a yen of bodies is the very ſame, 

as if all the bodies were collected into their common center of gravity, 
4 exerted their ſeveral forces there. 

For the ſum of all the forces are 33 ay or 


RCxA+B+D+E+ F. 


Cor. 5. And the ſame i is true of any > Ate whatever, with IO 
to the center of gravity of thoſe forces. And therefore if ſeveral 


forces act in parallel directions; the ſum of all theſe forces will be 


equivalent to one fingle force ; and their common center r of grovily,. 
tbe place where it als. EIN HY 


Cor. 6. If a circle be Xſeribed about the center of n G, oy a 
ſyſtem of bodies A, B, C; and any point S be taten at pleaſure 55 the”. 
circumference; , then SA. AFSB*X B+SCOXC, is a given quan- 


tity. And the fame bolds true 5 the ſurface V 4 n and be 


1 not all i in one plane. 


| For draw SG, on which ler fall the — Aa, Bb, ; 


Cc. Then (by E Eucl. II. 12, 13. ) SA AAB CNC 


50 ＋ GH Þ-25G xGax AFIG+TB—2SGx Gb x B+SG* + 


GC*+28Gx CK C. But (by Cor. 2. ) 3 
C=0o, and all the reſt are * A 


PROP. xl „5 


If there be ſeveral firs? in one plane, Hing l one another in 
the point C, whoſe quantities and directions are CA, CB, CD, 
CE, CF; and if . keep one another in equilibrio: I ſay C is 
the common center of gravity of all the points A, B, C, D, E. 


And anyone of them as EC peing ed, will paſs through the . 


center of graviy G of all the OC | 


Since 
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Since all the farcks are in \ equilibrio, Se ſum of the forces 


acting againſt EC will deſtroy its effects, and at againſt i it in 


the lame line of direction. 


Upon. EC let fall the perpendicular Aa, Bb, Dd, Ef. Then 
any force AC is divided into two Aa, a0. Now as the point 


C 18 in equilibrio, all the perpendicular forces Aa, Bb, on one 


' ſide, are equal to all thoſe Dd, Ef, on the other, by Ax. 11. 


And if the body x be ſuppoſed to be ſuſpended at 4, B, D, E, 
F. Then ſince Jax1+Bbx1i=Ddxi+Ffx1z the center 
of gravity of the bodies 4, B, C, D, (and alſo of all the bodies) 


F103. 


is in the line EC. Again it follows from the equilibrium of | 


the forces, that EC+aC=Cb+Cd+Cf, by Ax. 11. And there- 


fore if the body 1 be ſuſpended at the points E, a, d. 5, F; Cis 


their center of n. That 1 * C is the center of gravity of 


E, A, B, D, F. 


„ — gravity of A, B, p, F. then EC= 
CG x number of points A, B, D, F. 
— „ In SE or 406, by 


Prop. XLIV. 


Cor. 2. The ſum of all hs perpeadiculan on one fide, Aa, BB 


S ſum Dd, Ff, on the other fide of EC. And the ſum of their 
diſtznces CE, Ca, on one 3 Cd, Ch, Cf, on the other 


ſide of C. 


PROP. XLVI. 


. body be a on by froerai forces 4, N G N 
parallel directians Aa, Bb, Sc. and kept in eguilibrio; and if any 
Plane RN be drawn from any point R: The ſum of the forces on each 


fide art equal, A+D=B+C+E; and the ſum of the products 
- the other fide, Rax AH Kd D=RbxB+RexC—Rex 


E; and the comrary : Where any product lying the contrary way 
From R, mujt be taten negative. 


For ſuppoſe RN to be the plane, acted on by theſe * 


then (by Cor. 5. Prop. XLIV. ) the effect of the forces A and D 
| acting at a and & is the ſame as = at-O, their 
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is the lame as if they all acted at their center of gravity z which, 


becauſe the body is unmoved, is the ſame point O. And there- 


fore, becauſe of the equilibrium; A D=B+C+E, for the 1 


In reſpect to their places, becauſe O is the center of gravitx 


of Aand D, as well as ef B, C, and Ez thetefor (by Prop. LIV.) 
Ra xc A+ Rd DS ROA DR ROX Þ+C+E=Rbx B+Re "7 
xC—ReXE. And on the contrary, if theſe forces be equal, 


3 * * 


the body will be in equilibrio, by Ax. 9. 


Cor. 1. If @ body. FGIH be at re whilſt it js afted upon by 
ſecveral forces, in the ſame plane, whoſe quantities and diredtiaus are 
PA. JB, rC, 5D, tE, cutting any line RN drawn in the body at p, 
Q, Ic. and the perpendiculars Aa, Bb, &c are drawn; then I ſay, 
1. The ſum of the perpendicular forces on each fide are equal, Aa 
Dad g BEHA Cc + Ee. 2. The ſums of the contrary forces in direction 
of the line RN are equal, pa gere die. 3. The ſum of 
the rectangles on each fade, from any point R, are equal, Ry Aa + 
RN Dd=Rgx Bb+RrxCc+ Rix Ee. But where the points lie 
the contrary way from R. the reftangles muſt be negative, And when 
all theſe are equal, the body is at reſt. = 
For ſince it is the ſame thing whether any force A act, at 4 
at F, or at p, we will ſuppoſe it to act at p; then if the oblique 
force pA be divided into the two pa, a4; and the ſame for the 
| reſt : then the ſum of all the forces pa muſt be equal to the 
ſum of all the contrary forces cr, by Ax. 11. The reſt follows 
from this Prop. | | | 


Cor. 2. And if a body be kept in equilibrio by ſeveral forces afling 
at different points, and in different directions, either in the ſame plane, 
or in different planes; it will ſtill be in equilibrio, by the ſame forces, 
atting from any one point, and in direfions reſpetively parallel to 
the former. 3 VVV 
or, in the ſame plane, the forces parallel and perpendicular 
to RN, will remain the fame as before. And when the direc- 
tions of any of the forces are out of this plane, all theſe 
extraneous forces may be reduced to others, one part 
acting in the plane, the other perpendicular to it; and both 
theſe remain the fame in quantity as before. And ſince the 
forees acting in the plane, kept one another in equilibrio at firſt, 
they will do the fame ſtill. And as the parts perpendicular ro | 
this plane, alſo kept one another in equilibrio at firſt, they = 9 
| . 
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do the ſame when applied to their common center of gravity x16, 

of il an ode fr 86. 
Cor. 3. If ſeveral forces acting after any manner keep a body un. 

moved; and any plant whatever be drawn; and the vagrant forces 

de all reduced to that plane; then all the perpendicular forces on one 

fide, are equal to thoſe on the other 3 and their centers of gravity fall 

in the ſame point. When this does not happen in all planes, the body 


«vill be moved ſome way or other. 


ro. XLVIL 
i] o find the center of gravity of a Mem of Bodies, A, B, C. 


Draw any plane ST, and from the centers of gravity of all the 
bodies, draw perpendiculars to this plane, Aa, Bb, Cc; then (by 
Cor. 3. Prop. XIX.) the forces of A, B, C, at the diſtances Aa, 
Bb, Cc, from the plane, will be Ax Aa, Bx Bb, Cx Cc. Let G 
be the center of gravity, then the ſum of the forces Ax Aa+BX 
Bb4+Cx Ce muſt be AB Cx Gg, the power of all the bodies 

ſituated in G (by Prop. XLIV.) whence the diſtance of the center 
| Aa x A+BbxXxB+CcxC. 
| Wo ATB 
where if an of the bodies be ſituate on the other ſide of the 
plane, the correſpondent rectangles will be negative. | 
And if the diſtance be in like manner found from the plane Sh 
T/Y, perpendicular to ST, the point G will be determined bv 
making the parallelogram TG with the reſpective diſtances from 
thoſe planes, ITY 2 


of gravity from the plane, that is Gg = 


3 


Cor. 1. Let b be any body, p amy particle in it, d its diſtante from 
à given plane; then the diſtance its center of gravity from that 
Sam of all the dd Wc Sa 
2M . 


plane is = 


Cor. 2. To find the center of gravity of an irregular plane figure. | 
Suſpend it by the tiring AEB, at E; and draw the plumb line ECE. 
Then ſuſpend it by another point of the firing as D, and draw another 
Plumb line through E, to interſet CF; and the point of interſefion 
#5 the center of gravity, IVY _- 


= = _ 
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Cor. 3. To find: the center of gravity of a flexible body: lay it upon | 
a board whoſe center of gravity is known; lay the center of gravity | 
of the beard upon the edge of a priſm, and lay the body upon it, and 
remove it back er * till it be in equilibrio upon the board... 


s Ho. 


The centers of gravity of ſeveral planes and ſolids have been 
determined to be as follows. 


1. If two lines be drawn from two angles of a triangle, to the 
middle of the oppoſite ſides, the point of interſection is the cen · 
ter of gravity. Therefore the diſtance of the center of gravity: 


from the vertex, is + of the line biſecting the oppoſite ſide. 

2. In a Trapezium ABCD, the center of gravity is found by 
dividing it into triangles. F ind E, G, the centers of gravity of 
the triangles ADB, CDB; and F, H. the centers of gravity of 


ABC, ADC. Then draw EG, FH, to interſect i in 2 the center. 


of gravity of the Trapezium. 


3. The center of gravity of a nights line, parallrlagram or, | 


and priſm, is in the middle. 
4. For the arch of à circle, as: arch: ſine of .Z arch ::. radius: 


diſtance of its center of gravity. from the center. | | 
5. For the ſefor of à circle, as arch: cord :: 4 radius: dif. 
tance of its center of gravity from the center. 
6. For the parabolic ſpace, the diſtance of. the center of gravity" 


from the vertex is - of the axis, N 
7. In the cone and pyramid, the diſtance of the center-of gra-. 


vity from the vertex is 4 of the axis. 


8. In a Parabolbid, the diſtance of the center of gravity from, 


the vertex is + of the axis. 


9. For the /egmen! of a ſphere, let r = radius, x x = hei ght of 
the ſegment; then the diſtance of the center of grayity from the: 


8 — 3 
vertex 3 Xx. 
1 27—4x | 
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"PR OP. XVIII. 

1 | 

1 two or more bodies move uniformly in any given directions, their 
common center of gravity will either be at "Wy or move uniformly 
in a right line, 
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Sea. V. CENTER er GRAVITY. % 15 
Caſe. Let one body tand fill, and the ötber move directly r 1. 5 


DS I VO IS EATS 0 
„ 


to or from it in a right line. Then fince the center of gravity 5 
divides the diſtapce, in a given ratio; and the diſtance increafes 3 
uniformly, therefore that center moves uniformly.” Now ſup: 
poſe the other body likewiſe to move in the ſame right line, and 
any quantity of ſpace to move along with it; then ſince the body 
is relatively at reſt in this ſpace; the center of gravity, in regard 
to that ſpace; moves uniformly'; to which adding vr ſubtractin 

the uniform motion of that ſpace ; the center of gravity wil 
{till move uniform x. PT... 
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Caſe 2. Let the bodies nioye in one plane, in the directions 50. 
DE, AB. Produce their lines of direction till they meet in D. | Sn 
And when one body is in D and E, let the other be in A and B 
reſpectively. Let # be their center of gravity, when in D and 
A, and K when in E and B, and draw HK, and make BP= AD, 
and draw EP, and KL parallel to 4B. Then DE is to 4B or 
DP. in the given ratio of the motion of the bodies; and ſince the 
ED is given, therefore all the angles of the triangle ED 
are given, and DP will be to PE in a given ratio. But 
by ſimilar triangles PE is to- PL in the given ratio of BE to BK, 
by the property of the center of gravity : therefore DP is to PL j 
in a given ratio: And all the angles in the triangle DPL are 
given, and therefore the angle PDL. Therefore the point L is 
always an the line DL given in poſition. - And by the nature of | 
the center of gravity, DA: DH: : EB: EK: : PB or DA: LK. 
Therefore DH = LR, 'whence BHR. is a parallelogram, and 
H parallel to DL, and therefore the angle BH is given; and 
the center of gravity K is always in- the right line HK given by 
poſition. And becauſe all the angles of the triangles DPL, and 
DLE are given; therefore the lines DP, DE, DL, chat is, AB, 
DE, HK are in à given ratio; and conſequently” the point K 
moves uniformly along the = line HK. And the demonſtta - 
tion is in the ſame manner, if one of the bodies B moves from 
B towards A. ' eds, 1 1100 e 
c eng : 
Coe z. Let the paths of the bodies AB, DE be in different 71. 
planes. Through the path 4B draw a plane Be parallel to the 
path DE, and through NE draw the plane Due E perpendicular 
to Bade, produce AB to d, and let Dd, Ee be perpendicular to de. 
Then the planes D4A,' EeB will be perpendicular to the plane 
edB. Let one body be in A and B, when the other is in D and 
E reſpectively. Now if the 1 at D were to move in de, _ 
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710. by Caſe 29, the center of gr mY would move * FR h 


91, 


| dicular to HBK. Then b 5 file tria * ang 22 712715 


the center ofgravity, A hb | 
And bk is the path of the center of. of gray of x 17 he bodies | 
ile 
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ſome right line HK; through erect the plane Rt 


(48: H Aud: : 2) BE: LE. 


moving in AB, DE. Likewiſe D | 2E: 
BK : : eE or Dd: Kk; therefore. * = Kk, 4 A is 8400 and 


2 10H; therefore the center o gravity of the bodies (rde | 


in AB, DE) Montes en des the right line bk. 


Caſe 4. The common center of gravity of two bodies, and a a 
third is either at reſt, or moves. upiformly.in a right line; for 


theſe two may be put into the place of their center of gravity,. 


which before moved uniformly ; and then the center of gravity 
of the three will move unifor Likewiſe the common center 
of gravity of three bodies and a fueed, lk more eee in 
e and ſo on. E i 4.228 3 
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| 7 he common . of gravity of * Rn more. 1 1525 not 4 


its flate of motion on reſt, by am ations of tha bodies Ong them: 
ſelves, or oy any forces. they eh: * ane anothenn. 


3 N. 12 


Suppoſe any ſpace i in which: the bodies RY to m move 


uniformly along with the: center-of gravity of the bodies, be- 


fore the actions of the bodies wpon, one anocher . then. the cen 
ter of gravity is, at reſt in that ſpaece. Now, if two bodies mu- 
rually act upon one another, ſinge their diſtanegs from their center 


of gravity: areyecipracally as the bodies; and as action and:re- 


action are egqua b. the bodies will approach gp ragede from that 


ceofer by ip aęex which are in theſame ratiay, therefore the cen- 
ter of gravity will ſtill remain at reſt. And in a ſyſtem.of ſeveral 


bodies, becauſe the common center of gravity of any two acting 


mutually upen each other, is ag reſt: and the actions of all the 


bodies being the ſum of the actions of every two, ic is evident the 
center of gravity, of all the bodies remains the ſame, as if they 


did not adt at all upon one gthEr ; and therefore i is at ET in. 
this ſpace, or neee werd eee e 
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ä firſt impreſſed on it the mon center of 


quantity of matter velocity: * 
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cur. I, Hence if a tidy arojatted-into 1 "ny if it bave any 110. 
cirtalar motion, this motion crill be:performed. infor about an 7¹ 1. 


axis paſſing through the center of gravity. 


For if every particle. of the body retained the diſtin motion 
of the whole 
would move in à right line, by the laſt | Prop.. And fince the 
coheſion of the parts of the body retains the particles in one 


mals, therefore (by this Prop.) the motion of the center of 


gravity is not altered, Which it would be if the axis of circular 
motion did not paſs through the center . gravity, but through 


| ſome other point. 1 ae 


23 A — — 


Cor. 2. And if a. body be burled into the air, its center of gravity 
will either move. in a right line, or deſcribe a parabola, whilſt that 


body revolves about an axis paſſng through the center wo gravity is it 
have any circular motion. 


0 dans PROF. L. 


Thr feiw if de bes of (rivet Miles ts any etl dr Hd 8 the 


| fame as the motion of all the boties' in the fame non, moved 
n the Ay of _ png doth of gravig.” 


2rd bodies, 4, B, move ; ok the. center of gravity 0 at 72. 


rſt, to the places a, J; draw BCA, bCa: Then fince 4: F:; 


L therefore the triangles ACa, BC}, are fimi- 
— and BCAs, therefore I is 'ParalleT to 4 and the 


bodies move in contrary directions. Alſo ſince Aa: Bb :: A: 
CB: : B: A or Aa c A= B B. Therefore the motions of A, B, 


in contrary directions are equal, or their motion the ſame way 
is o. Now let the ſpace and bodies moving in it, be moved in 
any direction with any velocity v; it is manifeſt, the motion of 
each body in that direction will be greater than before, by the 

Theref erefore the ſum of the mo- 


tions is now vA+vB or e R that is equal to the ſum of 


the bodies x' velocity of the center of gravity. 
After the ſame manner, the motion of three bodies is the ſame 


as the motion of two of them, moved with the velocity of their 


common center of. gravity cogether with! thb * China 
third; 
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third; that is (by what has been ſhown) equal to the fun 2 alt 


FIG the three, moved with the velocity of the center” of e oF 
all the three. And ſo for more bodies, os 


** Py 


Cr. The center of gravity of a Jody maſt be taken Ny the 1 of 
the body. And the motion of any body, or of any ſyſtem of bodies, nt | 
ide rms oa * motion W the 4 center mY Feng. 8 
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PROP, Ih. 


tf re to weights on any machine keep one another in equilibria, if they 
Be any how raiſed or moved by help of the machine, the center of 
| gravity of the weight and power, will always be in the On? hori- 
zontal right line. 


For in the leaver, the center of gravity is at the fulcrum, 


and' therefore it neither aſcends nor deſcends. In the wheel and 


axel, and in the pulley or any combination of pulleys, the 
weight and power approach or recede from each other, by ſpaces 
which are reciprocally as the bodies; and therefore their ar 


of gravity is at reſt. And upon any inclined plane, the per 
dicular velocities of the power and weight (by Cor. 4. = 
XXXIII.) are reciprocally as their quantities : and the Liſtance 


of the center of gravity from each, being in the ſame ratio, is 
alſo at reſt. And uniyerſally in any combination of theſe, or any 
machine whatever, where the equilibrium continues; the aſcent 
and deſcent of the power and weight being pn as their 
quantities; che center of gravity neither aſcends nor de * | 


PROP. LIL 


Fa heavy body AB be ſuſpended by two ropes AC, BD; a right line 


perpendicular to the horizon, paſſing through the interſeffion F, of 
oo ropes, will alſo paſs through the center of gravity G, Y the 
ey. 


For continue the lors AC, BD to F; then i is the ſame 
thing whether the lines that ſuſtain the body, a& at C and D, 
| or 
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GA 
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deſcend as low as it can get; ànd (by Cor. Prop.“ L.) the cen- 
ter of gravity mult be taken for the place of the body; there- 
fore the center of gravity G will be in the line FG perpendicular 
to the horizon, And it is the ſame thing if AC, BD, interſect 
in a point F below the body ; for the body cannot be fupported 
except the center of gravity G be in the perpendicular GF. 


SAR 7 Sp 

* AID * 
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- Cor. Hence, if GN be drawn parallel to AC, the weight of the 
body, the forces acting at C and D, are reſpectively as FG, GN, and 
FV; or as the fines of the angles AFB, GFB, and GFA. 2 


Cor. 2. The lines AC, DB and FG, are all in one Plane perpendi- 
cular to the horizon. | 


will not reſt till it fall in that line. 
PROP. LI. 


ſupported by two planes AB, CD, at Cand B; and from the points 


from the interſettion F, the line FH be drawn perpendicular to the 
borixon, it will paſs throagh the center of gravity &, of the body. 


For ſince the body is fuſtained by the planes at B, C, and 
theſe planes re- act againſt the body in the perpendicular direc- 
tions B, CF; therefore it is the ſame thing as if the body was 
fuſtained by the two ropes BF, CF; and coniequently (by Prop. 
laſt) PA will pafs through & the center of gravity of the whole 
weight, 5 = on 


Cor. 1. If EG be drawn parallel io CT, then the whole weight, 
the preſſure upon the planes CD, AB; are reſpectively as FG, EG, 
EF; and in theſe very directions; or as the fines of the-angles BC, 
_ BFG, and CFG. . = 


Cor. 2. If the line FG drawn (from the inter ſeclion of the perpen- 
diculars FC, FB) perpendicular to ibe horizon, does not paſs through 


rid the center of gravity fall in that line. 


Cor. 3. If the center of gravity fall not in the line FG, the body 


If any body whatever, as BC, or any beam loaded with.a weight, be 
C, B, thelines CF, BF, be drawn perpendicular to theſe planes; and 


#he center of gravity ; the body will not be ſuſtained, but will move 


Can. 


FI 


VVV 
AFB is ſuſpended at F; then ſince (by Ax. 2.) the body will 7. 
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CENTER Or GRAVITY. 
{ Cor. 3. Hence if the poſition of one plane CD be given, and the 
ofition of the body CB, and'its center vf gravity. G. The poſition of 
The other plane AB may be found, by which-the body will be ſupported; 
Ty drawing CF perpendicular to CD, and GF perpendicular to the 
horizon ; and from F drawing FB; then BA perpendicular do it, in 
the other plane. | | 
| | SCTHOLk | 8 
Some people have objected againſt the truth of the two laſt 
Propoſitions, as well as ſome others, though demonſtrably 
proved. But this ariſes only from their own ignorance of the 
principles. They that have a mind may ſee this very Propo- 
ſition demonſtrated five or ſix different ways in Prop. XXIX. 
of the ſmall Treatiſe of Mechanics, publiſhed in Vol. VII. of 
the Cyclomathefis. | 5 


PROP. LIV. 


75 
bree forces A, B, C, in one plane, atling in directions AH, BI, 


CD. Anu if FGP be drawn perpendicular to the horizon, and CD 
produced to cut it in P; and if AH, BI produced, interſect in O 
then if OP be drawn ;, and if EP, OF, be drawn parallel to AO, 
PC; then I ſay the weight of the body, the three forces A, B, C, 
Ware reſpeFivily as FP, EP, EO, OF. = 
Becauſe the line OP is unmoved, the point O is ſuſtained by 
three forces in directions OP, OA, OB; which therefore, are as 
the lines OP, EP, OE. Alſo the point P is ſuſtained by three 
Forces in the directions PO, PC, GP; which therefore, are as 
the lines OP, OF, FP: of which that in direction FP is the 
weight of the body, at G the center of gravity. And the forces 
at O and P, in the direction OP and PO, are equal and contrary. 


Cor. Hence if any other force inſtead of the weight aft at G, in 
direftion GP; then the forces at P, A, B, C, will be reſpectively as 


FP, EP, EO, OF. 
SC HOL. 

If one of the forces be given, all the reſt may be found, if 
they act two and two at different points O, P. But if five forces 
act in one plane, two of them muſt be given. 

. | PR OP. 
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Fa beauy body HD, whoſe center of gravity is G, be ſuſtained I 
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If EBDF be any priſmatic ſolid erefted upon a plane AD ; and if 


it be cut by any plane AGH. I ſay the ſurface, or ſolid GBDH, 
cut off by this plane, is reſpetiively equal to the ſurface or: ſolid 
EBDF, whoſe altitude is CI, ibè line paſſing through: the center 
of gravity of the baſe, and parallel to the axis of the ſolid. 


I ſhall not demonſtrate this geometrically by meaſuring, but 
mechanically by weighing them. Suppoſe the periphery, or the 
baſe, BD, to be divided into an infinite number of equal parts, 
by planes perpendicular to the horizon, and parallel to the axis 
of the ſolid, and to one another. And imagine AD to be a 
leaver, and let each particle be placed on AD where its plane 
cuts it. Then ſince the force of any particle to move the leaver 
AD, is as that particle multiplied by its diſtance from 4A, (by 
Cor. 3. Prop. XIX.) Therefore the forces of the equal particles 


as the ſum of theſe lines. And becauſe C 1s the center of gra- 
vity of all the particles. Therefore the ſum of all, AB, AC, 
AD, Cc. = ſum of as many times AC; that is, (becauſe the 
parts of the baſe are given) = ACx baſe. But GB, I, HD, 
Sc are as AB, AC, AD. Therefore all the GB's, IC's, HD's, &c. 
= whole baſe x YC. That is the whole ſurface or ſolid GB DH 
= whole ſurface or ſolid BEFD. | 


Cor. 1. Fa line right or curve, or any plain figure whether right- 
lined or curve-lined, revolve about an axis in the plane of the figure; 
the ſurface or ſolid generated, is reſpectively equal to the ſurface or 
ſolid, whoſe baſe is the line or figure given, and height equal to the 
arch deſcribed by the ctnter of gravity. « 

Let BDab be the figure generated. On the baſe BCD erect 


the !urface or ſolid B BEE, and let C be the center of gravity, 


Since the arches Bb, Cc, Dd, are as the radii, AB, AC, AD, that 
1s as BG, CI, DH-: therefore if C1z==Cc, then will all the lines 
56, CI, DH, Cc. = all the arches Bb, Cc, Dd, Sc. that is, the 


ſurface or ſolid B Dab = BDHG, that is (by this Prop.) = BDPE. 


Cor. 2. Alſo if a curve revolves about any right line drawn through 


1 center of gravity : the ſurfaces generated ( either by a partial or 
zotal 4 evglnition) on oppi ſite ſides of the line, will be equal. 


J. For 


at B, C, D, Sc. will be as AB, AC, AD, Sc. and the ſum of all, 
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CENTER or GRAVITY... 
For by Cor 2. Prop. XLIV. each part of the curve multi- 

| . by the diſtance of its center of gravity from this line, muſt 
equal on both ſides. And by Cor. 2. each ſurface generated, 

is equal to the curve multiplied by the arch deſcribed at thar 

diſtance; and theſe arches (being ſimilar) are as theſe diſtances. 

Whence each ſurface is as the curve multiplied by the diſtance 

of its center of gravity: and therefore they are equal. | 


tim © a 
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0 7 the centers of percuſſ Fon, ofcillation, and S 
ration. 


TROP. LVL. 


Lt there be any ſyſtem of bodies A, B, C, conſidered without weight, 
and moveable about an axis paſſing through ; and if any force f 
can generate the abſolute motion m in a given time; if the ſame 
force att at P, perpendicular to PS the motion generated in the 
ſyſtem, in the ſame time, revolving about the axis at &, will be 


AXSA + BX SB + Cx SC 
n 
A BxXSEF+TxIC © * 


For ſuppoſe PS perpendicular to the axis at ö, and to the line 
of direction P; And SA, SB, SC, perpendicular to the axis 
at S. And ſuppoſe the force 1 divided into the parts p, 9, r,. 
acting ſeparately at P to move A, B, C. Then (by Cor. 3. Prop. 
XIX.) 47 1 A, B. C will be acted on reſpectively with 


the forces Hp . = r. 


Since the angular motion of the whole ſyſtem is the ſame, the 
. velocities of A, B, C, are as SA, SB, SC; and their mo- 


tions as AX SA, B 9B, Cx ay and theſe motions are as their 


generating forces F 9 Qs 8 Whence p, q, 7, are as 
2x32 Ox: 2 1 ſum of theſe = 5, and ſince 
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Ax _ Px ASM Sp. And 


1 :: * 
55 =. = force * at 4, Then 7 : 1 +1 
Fg xo : PX AX Sf = motion of A. After the ſame manner 


L 2 me X SB, 
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OE. 
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3 FIG, 22 B . ACX Cre e the motions of Band C. Tberefore the 
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j NS 78. 4 A SAB $B4+Cx5SC- > 


} whole motion generated in the ſyſtem is xm. 


/ 


V Ae . BXSB CSC. 
bd. Cor. r. If. you make SO = FIT ES TTTEST a then 
1 Fall the bodies be placed in O, the motion generated in the ſyſtem, 
1 woll be the ſame as before, as to the quantity of motion, or the ſum 
= of all the abſolute motions, but the angular velecity will be different.. 


| For the motion generated in theſe two caſes, will be- 
| | AXxXSA+ BXSB + Cx SC A4+B4-v8 

[ XK Sie and . 5 ＋ X90 
| AX SA*+Bx8SB* +CX SC* 25 A+B+Cx80* " 
1 | xm; and if theſe be ſuppoſed to be equal, there c comes out SO = 
_—_— ASA + BxSB* + CxSC* | 
Ax SAA BKS * DNK. 


| Cor. 2. The angular velocity of any ſy _ & BG . in 
@ given time, by _ ce f, * at P, perpendicular to PS, is: 
SP | | 


. 


SAE SET CNN 
For the angular velocity of the whole ſyſtem i is the ſame as 
of one of the bodies A. But the abſolute motion of A is = 


— and the abſolute velocity of 4 = mxS4 but the 
3 


s 

THE] angular velocity is as the abſolute velocity directly, and the ra- 
dius or diſtance reciprocally; ; therefore the angular velocity of A, 

mx SP 
Ax SA +, &c.. 


| that is (becauſe mis as the force Y, | D 
5 at is (becauſe n is as the force F) NKF . 
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Cor. 3. Hence there will be the ſame an gular velocity generated 
in the ſyſtem, and with the ſame force, as there- would be 
in a ſingle body placed ot P, and whoſe _ of matter is 
Ax SA + BXSB*+CXSCE 
1 

For let P = that body, then (by Cor. 2. 80 ſince 7 and SP are 
given; the angular velocities of the ſyſtem and body P, * 
2 


- 


4 
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EVE. 1 0 420 15 h | px . 
be toone another, . Far Bci. NB 'Which be- 8 
ing ſuppoſed equal, weſhallhaveP= — we — 


Cor. 4, T be angular motion of any ſyſtem, generated 5 2 uniform. 
force, 2 be a mation uniformly e. 


Rr ER — 2 
To find the center of percuſſion of a ſyſtem. of bodies, or the palin 


which ſtriking au immoveable objer ; the ſyſtem ſhall incline to 
neither fide, but reſt as it. were in equilibrio.. 


Through the center of gravity G of the ſyſtem, draw less 795 
perpendicular to the axis of mation in S. And if the bodies 
are not all ſituated in that plane, draw lines perpendicular to it. 
from the bodies; and let A, Bj C, be the places of theſe bodies 
in the plane. Draw SGO, and let · O be the oenter of percuſſion... 
Draw. Af; Bg. Ch, perpendicular to SO, and Aad to SA, and. 
make ad SA, and draw ea perpendicular, and de parallel to 
SO. Then A will be the direction of A's motion, as it re- 
volves about & And the ſyſtem being ſtopt at Oꝭ the body. A 
will urge the point @ forward, with a force proportional to its 
matter and velocity; that is as 4x SA or Ad ad. And the force 
where with A acts at a in direction ea; is A ea or Ax & And: 
the force of A to turn the ſyſtem abou about O, is A* H (by. 
Cor. 3. Prop. XIX.) Ax & SO—Sa=AXSfxSO— Ax SA.. 
Likeviſe the forces of B and C to turn the ſyſtem about O, is as. 
B «x NO HN SB, and Cx SVE SO CNS. And fince the | 
forces on the contrary ſides of O deſtroy one another; therefore | EY 
Ax HSO Ax SA +B x && SO n 
50 — . | ABN + X SCOe. . 
. ANN NCS 7 
diſtance of the center of percuſſion, from the. axis oft motion. 
Where note, if any points 7, g, b, fall-on the: contrary, fide of- 
S; the correſpondent . muſt. be 2 Mo | 
BS, Sc. x : ; 4 
Cor. 1. If G be the center of gravity: of 4.6 few of Jodies A. B. 
C; the diſtance of the center of percuſſion from tbe axis of ' motions . - 
that is, $0.= — AX 1 c | 
Forby Prop, XLIV. r K Cx Sb TTF C AC SS. 
Cor. 2. The diftance of ths center of percuſſion from the center of * 
 grovity CG. 15 GO = . BGC. xC : * | 
SSN ATB 
For Ax SA. BSB. Cx SCA N aN 
BxSG +GB+2$GxGg+Cx5G+CT+25GXGH, by Eucls. 
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Fi bY II. 12 and 13. Bur (by Cor. 2. Prop. XLIV. Ax GH BNN 


79. 


+CxGb=0; therefore Ax 84*Þ BXSB*+C x SC'=A+B+C 

SG. LAX CA. BN CBA CO, Whenes (hy Cor. 1.) SO 

S +C Ax GA'+Bx GB-+ Cx GC 

-" GT +C | $Gx 4+B+C* 8 

Cor. 3. Hence $G x GO = ht Pom quantity * 
AxXGA+BxXEB +CxCE 3 and ibereforr GO is 22 as 8G, 


A+B+C . 
For each of t the dodies = B, G. and their diſtances from C. 


ate ven. 
| Ger. 4. Hence allo 0 be Piven, 00 will Be. vc 15. ' And 
therefore if the glune 17 the motion” remain the ſame, in rejpert to the 
bodies, and the diſtauce SG Pemain the ' Jame ; the er of O from 
& — remain the fame alſo. . 
5. The 'Pereufion or quandity of the froke at 0. by ths wle : 
I 1 Glen, is the ſame as it would be at G; ſuppoſing ail ' the bo- 
ies placed i &, an# the angular vłlncity the fame... Fr the. ſum of 
— motions off A, wa inthe [y mw Ang againſt O, is ar AXSAR 


ene ＋ Sc 59 * „FFF 


+ hy this Prop.) but $6x IF Jilin the 
TEAC, affine againſt E, or an obſtatte flaced there, 20 


Cor. 6 hy a 90 or ſyſtem of badits, q 2 about a center 17 


if V be tbe velocit „J O, the center of pertuſion; the ſhock or | 


1 75 . the Rs at 2 Point P, againſt an „Noel there, 


i pe x V ſum f the bodies, or of the whole HMiem and ler. 
fare « are  refiprocally as SP. For. the velocity of A being denated 5 


SA, its quantity of motion is AX SA. But by the property "of the 
leaver ASP, its h of 4 notion ea, P is Ax 54 X A, or 


THIN 30: 6 * 8 - 
. buen then motions 15 B,C again P. are. 1 


8 therefore the Jum . al, or ne ale ſock again P, is 


2 


t +Cx80: 9d that is reciprocal a5 Sp, an 


23.5% 
the reſt bcing ow quantiiee. | - But -by this Prop. AxSA +Bx 


We So obere 80 denotes the 


velocity of O, the ſame as . 
Cor. 7. If OT be drawn perpendicular to $ O, * OT will be 


the — of all the centers of percuſſioa. | 
For the direction of O is in the line O; and therefore it is 


the ſame ching which Point of the line OT ſtrikes an obſtacle, 


Sea. vl. CENTER or OSCILATION, &c. 
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To find the center of oſcillation of ; a 1 of Jodiet or 5 a ; pine; 
in which a body being placed, will vibrate in the ſame rims, and 
with the ſame angular velocity as the whole body. 


Let the axis of motion be at & perpendicular to which drawthe 81. | | 
plane in which the center of gravity & moves; draw SGO, and let 1. 
O be the center of oſcillation; draw the tian line Sr, and | * a 
from the bodies A, B, C, draw Aa, Bb, Cc, perpendicular to SO; 
and alſo Ae, Bn, Cd, Gg, Or, perpendicular to Sr. | 

Put S Ax SLH BC $C*. Then (by Cor. 2. Prop. 

LVI.) the angular velocity which A, B, C, generate in the ſyſtem | 
"WP theirweight, 1 18 . 2 E, 2 and the whole an- "By 


e x B+ SdxC 


oular velocity generated by thetn ati is 


Likewiſe the angular velocity which any particle; p. ſituated in 


O, enn in the ſyſtem, by its weight, i 1s 1815 15 or 557 
* — becauſe of the ſimilar triangle Sg, SrO. But their 


”" x SO 
vibrations, and every part of them, are performed alike; . there-- 
fore their angular velocities muſt be every where equal; that is 
= xA+Sn x B+ Sd x Can Wn hence by reduction 
25 | SG * 80 ; 


5 S =}: 85 
$0 = 2. b | 
SG * — Fd * But / 2 XLIV.) 
— XxX A+ SRL SC KNC Therefore the 


diſtance of the. center of oſcillation from the axis of mo-- 
tion, S0 = d — AxSA4*+BxSB*+CxSC&c. | 


- n e SG ANB CH | 
AXSA*+BxSB*+Cx SC*&c ; 
1 Where AN, Sa, BNS, Ge. ; 

mult be negative, when a, 5, &c. lie on the contrary ſide of S. 

And ſince all theſe quantities are the ſame at all elevations of the 

axis SO; therefore the point O is rightly found; and the ſyſ- 

tem has ſuch a point as is required. Likewiſe it appears by 

Cor. 1. of the laſt Prop. that the center of oſcillation is the . ” 

with the center of Eun. 


6 


$o 


| FIG 
5 81. 


AXx&Sa+BxSb+CxSc © $GxA+B+C 


| A A+GB*Xx B+GOxXC 
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Cer. 1. Fp be any particle of a body, d its diſtance from &, the. 
axis of motion; G, O, the centers of g ravity and oſcillation. Then 
- the diſtance of the center of 'oſcillation of the body, from the axis hl 
— ſum of all the Pd f 


A 45 


motion, SO = 


Cor. 2. If the bodies A, B, C, be large, and therefore the center 
. oſcillation of each, not in the center of gravity. Let d, e, f, bethe 
reſpective diſtances of their centers of gravity, and p, q, r, of their 
centers of oſcillation, from S. Then will the diſtance of 
the center of oſcillation from S, the axis f idle, SO = - 

db 4+eBxfrc — 4pA+eB+frc IRE 


* 


For let a, 3, c, be any particles in A, B, C; Wy , % 25 


their diſtances from 5 reſpectively. Then by chis Prop. 92 
ſum * + ſum y + ſum ⁊⁊e But ſum xa p, or ſum avs 


| „ 
—=dpA, and ſum yyþ ebz, and ſam zzc e and "TX 
A+B+C = Sax A+8bx B+SexC. : 


Cor. 3. To find the center of oſcillation of an pigs body, ſuſpend 


it at the given point, and hang up a ſingle pendulum of furh a 


lengtb, that making them both vibrate, they may keep time together. 
Then the length of this pendulum is equal to the diſtance of the center 


of ſuſpenſion from the center of oſcillation of the body. 


Cor. 4. What bas been demonſtrated in the laſt Prop. and Cor. 1. 


2, 3, 4. for the center of percuſſi en; holds equally true for the center 


of efcillation. 


S CHO 


I ſhall juſt take notice, that if the diſtance of the axis of 
ſuſpenſion from the center of gravity SG, be made equal to 


z the body will oſcillate in the 


4+ B+C. 

leaſt time poſſible. 
In very imall bodies, or any bodies oſcillating at a great 
diftance from the axis of motion, the center of oſcillation or 
percuſſion is in or very near the center of gravity. And the 
reaſon why the center of oſcillation or percuſſion is not always 
in the center of * is becauſe the body in vibrating is 
made 


„ 


N 5 * = OY 2 7 * 2 a "_ 
4 2 Ss gs 8 2 42 E 8 3 * 
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made to turn about à center. But if it be ſo contrived as al- ra: 


ways to move parallel to itſelf, without any circular motion, the 


centers of gravity, of oſcillation, and percuſſion will be the ſame. 


The diſtance of the centers of oſcillation and percuſſion, from 
the axis of motion, as calculated by Cor. 1. is as follows. 
Where the axis of motion is at the vertex, and in the plane of 
che s., ß on ho 0g. 7 25 bakalkng * 

x. In a right line, ſmall parallelogram, and cylinder, 1 the 
axis of the figure. | oY | - 
2. In a triangle, 2 the axis ; 

3. In a plane of a circle, + the radius 

4. In the parabola, $5 the axis 

5. Pyramid and cone, + axis 


nearly. 


6. In a ſphere, radius, d=diſtance of the axis of motion 


from its center. Then the diſtance of the center of oſcillation 
from the axis of motion, is d 1 0 
Ren in.. 
To find the center of gyration of a ſyſtem of bodies, or ſuch a point O, 
as that a given force, ating. at a certain plate, will in the ſame 
time generate the ſame angular velocity in the ſyſtem, about an 
axis SR, as if the whole ſyſtem was placed in O. L2H 
Draw the plane P perpendicular tothe axis of rotation SR; 
and let SA, SB, SC be the neareſt diſtances of the bodies A, B, 
© from the axis SR; and let the force f act at P, in direction 
P perpendicular to PS. Then (by Cor. 2. Prop. L VI.) the 
angular velocity generated in the ſyſtem by the force f, will be 
__ = a e 
AXSAL+BXSB+CxSC* my au 
will be .; and if theſe velocities be made equal, 
ABT CSO A « 
we ſhall have $ 2. 5 5 6 CL. Whence the 
diſtance of the center of gyration O from the axis of motion 


at & that is $0 = AAL BNB. f CNC. 


A+B+-C 


M Gor. 


» 
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116. en 2. Fam part of the fyſtim be fuppofed: to-be placed in 1d 
82. center of gyration of that particular part; the center Feten 
of the whole ſyſtem will continue the ſame as beft oO 22! 
For by this Prop. the ſame degree of force hick.aGred this 
part of the fyſtem before, along with the reſt, will move it 
now without any alteration. -And therefore if each pait of the 
ſyſtem be collected into its proper center of gyration, the mace 
of gyration of tlie whole will continue the ame. = 


Cer. 3. If a circle be deſcribed from G, RISES of gravity of 
the ſtem ; and ibe axis of rotation be made 19:paſs ithraugh any 
point & in its peripbery; the diſtance of the center o+ n * 2-0 
that point will always be the ſame. 
For (by Cor. 6. Prop. XLIV.) the quantity Ax $4 * | 
* B' CNC will be given. 


Cor. 4. The diſtance of the center of — From the axis of 
motion, is a mean proportional between the diſtances of the centers 
of gravity and percuſſion from that axis. | 

It follows from this and the laſt Prop. 


728 The momentim or guanrity of ti of the 'cobole A 
ths atting u gainſt an obſtacle at O the center of gyration, is wh 


ſame as i all the bodies were plated in O, the” angular velocity r 
maining the ſame. For 7he m1. or quantities ef motion are as 
the forces. 


8c . 


It 1s the ſame thidg on whatever ſide of the axis ; of rotation” 
SR, the point O or center of gyration be taken, provided i it be 
at its proper diſtance. | 
By a computation from Cor. 1. the diſtance of the center of 
ons: from the axis of rotation, in the following bodies will | 
e — 
1. In a right line or ſmall old (revolving about the end) 
8 = length e 2 
The plane of, 4 Arc or evlinder (revolving about the axis) 
80 = = radius | 
: — The periphery o a circle (about the diameter) $0'= radius - 
X 
4. The lane of a circle (about the diameter) $0 = T radius. 
8. The 


» ÞM 4 


Sea. VI, CENTER r OSCIELATION, &, uf ¼ ."Y 
. ̃ amen) 0 = rains x56, 4 
XV. P 1 DN 0 one l eit . E” 
6. A ing about the diameter) SO radius c . 25 | | 3 
. In a cone (about the axis) SO = radius e æœ “.“. | ; 
| { the periphery'ef b circle cvatve about an axis in the center, "FE 
perpendicular'ts its plane, it is the ſame thing as if all the mar= 
ter was collected into any one point in that periphery. And Ie 
the plane of à circle of double rhe-mater of chis periphery, and 8 
the ſame diameter, will in an equal dime acquire the fame agu- EN 
lar velocity. . _ DW | 
If the matter of any gyrating body were actually to be placed 
in its center of gyration, it-ought either to be diſpoſed of in the 
circumference of a eirele, whoſe radius is O, ot elſe into two 
points O, diametrically oppoſite, equal and equi · diſtant from &. 3 
For by this means the center of motion S, will be in the center 3 
of gravity. And the body will revolve without any lateral force - 0 Re 


towards any ſide. Rd | „ 


* 


PRO P. LX. 


If EF be any body at reſt in free ſpace, & its center of gravity, the 84. 
f points 9,0, one the tenter of Juſperjion, the other of percuſſion ; * . 
and if a moving body B rike dinrny againff the pbint O, the mo- 1 
nion generated in the body EE by the ſtroke ſball be fuch; that in 
the time. that the body makes one revolution about its center of 
gravity G, ibe center of gravity will move forward a ſpace, equal 
10 the circumference of a circle, whoſe radius is SS. 


Let the body vibrate about the point 8, and in a [very ſmall 
time, from the poſition SO, come into the poſition gd. Now 1 
the arches Gg, Od, will be as the velocities of the points G, O., | 
vibrating about Sz. therefore when it comes into the poſition - 
SSO, if it were diſengaged from the point S; the center of gra- 
vity G would ſtill move forward with the fame velocity Gg; and 
the body, inſtead of revolving about &, would (by Cor. 1 Prop. 

XLIX. ) revolve about G with the ſame angular motion as b 

fore. Therefore if 100 be drawn parallel to Sd, Gg will re- 

preſent the velocity of G, and Oo the velocity of O about G. 

And becauſe Oo, Gg are very ſmall ſimilar arches, therefore 

theſr circumferences will be deſcribed in equal times; that is, 

in the time that O, or the body itſelf, makes one revolution 
| MM 2 about 
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84. the circumference of a circle, whole radius is SG. ve 

Now this is he motion acquired by revolving about $.4 Bot 

(by Prop. L VII.) if a. body ſo revolving, ſtrikes an immove. 

able object at O, both the progreſſive and circular mation will 
be deſtroyed; and the body will be at reſt. It is evident on- 

| dhe contrary, that if a moving body ſtrike the body at reſt in 
IT the point O, with. the ſame force; the ſame motion will be re: 
EY | ſtored again: ! is the ſame as. above deſcribed, | Oe i oi 
. Cor. 1. A. the beginning of the motion, and* se en ory 144 
5 volution of the body, when the line. SGO. comes into its original poſt- 
| tion, ſo as to be perpendicular to the line of Auen Os; the Nat. . 
will be at reſt for a moment. 


O about G + vel. G that is abſolute vel. O: abſolute vel. G: 
OG + GSorOsS : GS. Therefore ſince the abſolute velocities of: 


the point ò is at reſt, 


7 which it receives by B impinging at O, will be * 


1 — 
— 


ſum of all the Sy- Xp 


SO be placed i in O, it will receive the ſame an- 


when ſtruck in O. But (by Cor. 1. Prop. L. VIII.) ſuw $Sp* xp 


S$O® 
or A, placed in O, receives the ſame angolar velocity about 8s, 
as the point O of the body EF. But vel. of Oor A: vel. G:: 


Cor. 1. 


body B © 
* 8G, 180 | ay 1 1 


07 | | RS For 


'FI 0. e the point G will advance forward a ſpaee, oquibes i 


For in this pofition, it will be (by this Prop.) as velaciy oof, 0 
about G: velocity of G:: OG : GS. And by Fompoſition, vel. Bs 


O and G are directly as their diſtances from S; it follows that 


a e 2. Lit a body A = _ . X body EF. And i y be the ve 


hocity which the body A a, 905 by the. dire Broke of B: then 7 
ſay, the abſolute velocity of the body EF (or of its center 8 wee 


For let p be any particle of the body ZE and Sp its di. 
tance from S. Then (by Cor. 3. Prop. LVI.) if a body = 


, gular velocity, by the ſtroke, about 8 at reſt; as the body EP 


= SO x SG x. body. EF; whente the body. SOX SGX _— EF. | 


SO: SG. . For at the e of the motion, S is at reſt, by : 


. Cer, : The velocity 1 in B by the * will be hol EF 4 
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For the ſuim of the motiohs bf all the bodies, after the Rroke, 116. 


is the large "a che motion of Bi before it, bu Prop. X. 8 
0 Ha 41 42 
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The 9 8 is b bobs, llal they 3 center oF th . 

becauſe the body (or ſyſtem of bodies) at the beginning of the 

motion, moves as it were of its own accord, or without ariy com- 
ane an ee center nne . An e 
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Let DE be any — An c its OR = fri; and if from the center 
C, the circle BFS be deſeribed; and if about BFS as an axit, 4 


* 1 $1 _ 
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"TH by > 4, # +» aw s . * * 
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| cond ASBES; be wound, and ibe end fixed at A. 8 5 


center o,. oſcillation, f reſpett to the center of faſpenſion S. Then _ 

if the body deſcend by a rotation round the axis BFS, by umvind« | 
ing the cord ASB, Gc. then 1 ſay the ſpace deſcended by the , 
whirling hody. DE, is to tbe Heese deſeended in __ whe _ by 


a body falling freely, as $C.10:8Q. * 


Through the point of contact 5 ant pg center of gravity 2 
draw the horizontal line SCO. Then (by Prop. LVIII.) the an- 
gular velocity of the body about the point of ſuſpenſion 5, at the 
beginning of the motion, will be the fame as if the whole body 
was placed: in O. But if a body was placed in O, its velocity 
generated at the be nning⸗ will be the ſame as of a body fal- 
ling freely. Therefore drawing Sco infinitely near SCO, and the 
ſmall arches Oo; Ce: then the velocity of O, is to the velocity of 
the center of gravity C, as Oo to Cc, or as SO to 80; that is, the 
velocity generated. by a body falling freely, is to the velocity of 
the deſcending body DE, as SO to Sc. Now ſince the points 
S and O are always-in the horizontal line SCO, and che radius 
SC is given, and likewiſe (by Cor. 4. Prop. VIE) the diſtance 
GO. Therefore the velocities of O and Cin any times will al- 
ways be as SO to SC: that is, the velocity of a body deſcending 
freeiy, is to the velocity of the whirling body DE, always in the 
ratio of SO to SC. And therefore (by | — VI.) the ſpaces de- 
ſeribed are in the ſame ratio. 


* . 


Cor, 1. The weight of the body DE, i is to the . of the cord 
BD For 
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bet 210. For let the body be then ſince; g 22 mer 
| ok gravity, therefore (by Cor, Prop L, and Cor, A 
., dhe weis n DE isto the preſlurpar 8, x 80 10 CO, Now if I 
erate 2 motion.. 
conſequently: dhe tende ion of. 
2 is neither Snceeal a e 77 
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obilſt the thread ASB unfoldt; or if a round body rol. wow an in- 2 3 


5 frees without friction, at C 10 ,] 
Poor the forces that generate their motions are both Se * J 
in the ſame ratio, that is as the abſolute gravity to the relati . 7 
gravity upon the plane; therefore the {paces deſcribed will re- 


— Lees R e the gord; the dn TIER 
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1 1 275 motion of the body. DE by rotation, I Wos um 
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t6. er u, = weight of TOE, 6 38 5 NINE! aboy | 
falling freely. Then the ſpaces deſctibed by rotation or whith 
ing, in the following bodies, as SE, in the ſame time are, 4 
1. In the circumference of a circle, , or ſurface of a . 4 
linder, ſpace = + S; tenſion of che: ſtring 2 . i 
2. In the circumference of, a circle, SE, ien a 4 
2 the weight be in the CENA. C3 | pagers, $, unden of the | Y 
ring = | 
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of timber, by their weights; and the forces: 
neceſſary to ſuſtain them.. Tu. 22+ - 


7. 


_ 


- 


PR O-P: LXII. I 
If a beam of timber be ſupported at C and B, hing upon the wall 


ACE, with. one end. And if G be ihe center of gravity of the- 
whole weight: ſuſtained :. aud the line FO be drawn perpendicular 


to the horizbn, and CF and BH to CB, and BF drawn; I. ſay, 
The weight of the whole body ) FH | Le 
0 Preſſure at. the top C BH 
Wruſt or preſſure at the baſe FBZ 
4 are reſpefively as and in theſe ſeveral direfTions. 


"Tt 


If the beam ſupport any wei nt, the beam and wei; t muſt: 


be conſidered as one body, whoſe center of gravity is i Then: 
the end C is ſupported by the. plane BCE ; and (by cor 3, Prop. 


LIII.) the other end B may be'-ſuppoled* to be fuſtained by a 


plane perpendicular to BZ; therefore (by Cor. 1. Prop. LI); 


the weight and forces at C and B, are reſpetively as FH, BAH, 
and BF. ks WAY, 


Cor. 1. Produce RB towards 9, tben BY is the direfion of the- 


Preſſure at B, And the preſſures at B in directions B 9. FD, DB, 
are as FB, FD, DB. „ 72 : 8 


Cor. 2. Dram Dr perpendicular to BG, and draw CD: Wen ther 
weight, preſſure at the:top, dire preſſure at bottom and horizontal- 


Pralſure at bottom, are-reſpettively-as CB, BD, DC, and Dr. 
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88 £ PRESSURE ve. BEAMS. | 
For fince the angles BC, BDF are right; a circle deſcribed 
vpon the diameter BF, will paſs through C, D. Therefore & 
57. BCD ='BFD ſtanding on the ſame-arch- BDB. And becauſe che 
<GBHand < 5 at D are right, BH# = CBD; therefore the 
triangles FB and CBD are ſimilar, and the figure BHDF ſimi- 
Jar to the figure, DBrG, whence : BH: BF : BD :: are as 
CD : BD : DC: and Dr. ; „%; F OTE Con Ba 
Cor. 3. All this holds true for any force inſtead of gravity; afing - 


| r. LIIII. | 
88. IF BC be any beam, | Bearing any weight, G the center of gravity. of 
the whole. - Aud if it lean againſt the perpendicular wall CA, and 


be ſupported in that poſition; draw BA, CF parallel, and FG 
perpendicular. to the horizon, and draw FB, then 


The whole weight : FD 

Preſſure at the top C BD 

Thruſt or preſſure at the bottom B | FB, 5 
are reſpetiively as I and in the ſame directious. 


For the end C is ſuſtained by the plane AC; and if the end B 
be ſuppoſed to be ſuſtained by a plane perpendicular to- FB. 
Then (by Cor. 1.-Prop. LIII.) the weight, and preſſure at top 

and bottom, are as DF, DB, FB. If you ſuppoſe the end B is | 
not ſuſtained by a plane perpendicular to FB, the body will not 
be ſupported at all; by Cor. 2. Prop. LIII. GE pet 5 


Cor. 1. if FB be produced to 9, then Bis the direction of the 
preſſure. at B. - And the perpendicular preſſure at B (FD) is equal 
#o the weight ; and the horizontal preſſure at B (BD), is equal to the - 


preſſure againſt Cc. 


TROP. LuV. 


89. Va heavy beam, or one bearing a weight, be ſuſtained at C, and 
_ *. moveable about a point C; whilſt the other end B lies upon the 

wall BE. And if HCF be drawn through the center of gravity G, 
f 6 3 ä Der . 


* 


3 


Sec. VII. PRESSUV RE or BEAMS. 


perpendicular to the horizon, and BF, CH perpendicular 1 BC, 


and CF be drawn; then 

The whole weight II 

Preſſure at 5 HC. 

Force ating at C, (CF, © „ 
are reſpefiively as I and in theſe directiont. 


For the end B is ſuſtained by the plane CB, and (by Cor. 2. 
Prop. LIII.) the end C may be ſuppoſed to be ſuſtained by a 
plane perpendicular to FC, or by a cord in direction CF. Then 
ſince HC is parallel to BF, the weight, force at C, preſſure at 


. 89 
710. 


89. 


B, are reſpe&tively as HF, CF, HC; by Cor. 1. Prop. LII. or : 


Cor. 1. Prop. LIII. ; 

Cor. But if inſtead of lying upon the inclined plane at B, the end 
B laid upon the horizontal plane AB, then the weight, the preſſure at 
B and C, are reſp: tively as BC, GC, and BG, and in this caſe there 
is no lateral preſſure. = 

For BF will be perpendicular to BA, and parallel to HF. and 
conſequently CF is alſo parallel to HF, therefore (by Cor. 5. 
Prop. XIX. ) the forces at C, G, B, are as BG, BC, and CG. 


PROP. LXV. 


Fa heavy beam BC, whoſe center of gravity is G, be ſupported upon 
two poſts BA, CD; and be moveable about the points, A, B, C, 
D. And if AB, DC, produced, meet in any point H, of the line 
GF, drawn perpendicular to the horizon. And if from any point 
F, in the line G, FE be drawn parallel to AB; I ſay, 

The whole weight JH 
Preſſure at C HE 
Thruſt or preſſure at B, | EF, We 
are reſpectively as } and in theſe directions. 


For the points A, B, C, D, being in a plane perpendicular to 
the horizon, the body may be ſuppoſed to be ſupported by two 
planes at B, C, perpendicular to AB, DC; or by two ropes BH, 
CH. And in either caſe, the weight in direction HG, the preſ- 
ſure at B, C, in directions HB, HC, are as HF, EF, and HE. 


MN. Cor. 
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"F "At 
90 N Kr. Hils Walde; a > bobs 5 Maine ty fs es: 8 05. 
er by two poſts AB, CD, or by two planes perpendicular to. BA, CB: 
The body then can only be at reft, when the plumb line HG & paſſes 


through G, the center of gravitydf the whole weight ſauſtained. Or, 
. ewwhich is the ſame thing, .* . DC mterjeft in the Plumb. line: 


* bali 5 1 the center of og. 


DCD Lac > bis 1: 08 


—_ By the conſtructien of theſe four laſt e chere is 
. formed the triangle of preſſure, repreſenting the ſeveral forces. 
| | In which, tbe line of gravity (or plumb line paſſing through the 
| center of gravity) always repreſents the abſolute weight, and. 


the other {ſides the * Preſſures. 


4 


PRO: Þ LXVI. 


| if "RO beams 4B, BC, CD, &c. * joined — at B, Bk D. | 
* Sc. and moveable about the points A, B, C, Sc. be placed in a 
| vertical plane, the points A, F, being fixt, and through B. C, D 
drawing ri, am, ip perpendicular io the horizon. And if ſevera! 
<werghts be laid on the angles B, C, D, Cc. /o that the weight on 


S. BCD 5 
any angle C may be as FE Sb Wen all the beams. will. © 


be kept in equilibrio by theſe weights, 
Produce DC to r. Then (by Cor. 2. Prop. vin. ) §. < ABC: 
S. Ahr :: weight B: 1 in a direction BC = _ * I and 


Cx S. Des 
ht: fo di . = IEC. 
S. BCD: S. DCs :: weight: force in direction Sc 


which, to preſerve the equilibrium, muſt be equal to the force 


BXS ABr __ CXS.DCs 
in direction BC, that i n whence B: C 


..$.ABC , SCD ang by the f r o 
"Taz © 065” And by the lame way of reaſoning, C: Bs 
Fe 8 57 Therefore, ex equo, weight B: weight D:: 
SABC | - S.CDE ho S. ABC . ODE 


S. ABr x SHC S.DCsxS.EDt S. ABix d. CB.  S$.CDpxS.EDp 


Cor. 


= | | N 2 


Seck. VMA ee BRAMS. wm 
= * 2 Produce 8.7 2 85 Wy 455 ts 7 22 3 LHR 2 
e to 9 92 19 K 42250 C , the faxces g i 


in directions CB — CD, are as rB, 5 and Or I And 
weig bi C is to my ae s au. 


te B, ar. di- . 
we 72 e e We Ay 1h ; „ 8 
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Cor. 3 „Dy Tp, Dm parallel to DE, = then the weights on 
C and D to P. the equilibrium, will be as Cm 10 Dp. And 
therefore if all the weights are given, and the poſition of two lines 
CD, DE; then the poſitions of all the reft CB, BA, Sc. will be face 


ceſſtvely found. 
For let the force in direction CD or DC be CD, then Oi is the 


force in direction DE, and Dm, in direction CB. And Dp or 
the weight D, is the force compounded of DC, Cp; and Cm or 
the weight Ci is the force compounded of CD, Dm, by Cor. 2. | 3 


Prop. VII. 


Cer. 4. 7 the weights lie not on the angles B, C, D, Sc. let 
the places of their centers of gravity be at g, b, k, I. And let g, 
h, k, I, alſo expreſs their weights. =_ take the weight B = 
= 501 Bh &D C 
— C== tb + 7 7715 DE + 557 * Sc. then B, 
C, D, Sc. will be the kts hing upon the N angles. 
This is evident by Cor. 5. Prop. XIX. | 


Cor. g. If the weights were to act upwards, in the directions mC, 
pD, Sc. or, which is the ſame thing, if the figure A, B, C, D, E, 
F, was turned upſide down, and the weights remain the ſame, and 
the points A, F be fixt as before. All the angles at B, C, ©, S.. 
and conſequently the whole figure. will remain the ſame as before ; 
and that whether the lines AB, BC, CD, Sc. be flexible or inflexible 
cords or timbers. 

This will eaſily appear by the demonſtration of the Prop. 
For the ratio of the forces at any angle C, will be the ſame, 
whether they act towards the point C, or r from | it; by Prop. VIII. 
that 1s, it will be the ſame thing whether the weight at any 

N 2 angle 


1 PRESSURE er BEAMS.” 


3 RY 710. 1 c, acts in direction on or Ci. And 48 the 1 were | 
3 | 91 tr, ſoppoſed before to e — 5 fame forces now hs be 
„ 8 Te Ek; $M 8 We 151 oi 
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92. 11 1 DABP be : a a ſemi- circle, what ES is DF. Draw. 4G 
_ perpendicular to DF. Then the force er weight at any place 
e A, to preſerve the equilibrium, will be reciprocally as AG?, or 
5 directly as the cube of the ſecant of the arch B4. | 
Likewiſe it follows from Cor. g. that if any cords of equal 
lengths be ſtretched to the ſame de Ly of curyature, the rte 
ing forces will be as the RY of the cords. 
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The firength. of. beams. of timber. in all paſitions, 


and their fireſs. by: any weights acting upon. 
them 5 


% 


, or by any forces applied to them. 
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Te lateral: ſtrength of any Piece F timber n a Race, whoſe 


 ſeftion is a reBangle,is dired / as the breadth and ſquare of the depth. 


SOROS Roa Net act. Yan Sigh ono IECR IEC 
Let BD be any beam, placed horizontally, and fixt at the 
end g. And:1et AFG be tlie perpendicular ſection. Divide 


the depth AF. into an infinite number of equal parts at a, 5, c, d, 


Sc. whoſe number is AF or»; through which, ſuppoſe lines 


drawn parallel to, FG. And let any force be applied at P in 
direction DP, to break the beam at AF; then ſince the ſtrength 
of the timber is nothing but the force Hy which the parts of the 


timber at a, þ, c. Sc. cohere together : the breaking the tim- 


ber is nothing but overcoming this forge, and ſeparating the 


parts at a, 5, co Suppoſe force of coheſion of any of the 


parts 4a, ab, br, Sc. and imagine Qa, Qdb, 2A, &c. ſo 


many bended ſeavers whaſe fulcrum is at 4. And let us ſee 
what will be the ſum of all the forces applied at Q to break the 


timber at J. Now (by Cor. 1. Prop. XIX) the power applied 

at & to equal or overcome the reſiſtances at A, a, b, c, &c. 

will be , e e Ae ee 
NK 

0 I 2 3 | 1 

AD AD 5 AD AT 7 


. STC 
A 


the effect of all the forces applied to Q or the whole ſtrength 


* 2 : dein Vs FE will be 14243 „% 8 6 *. _ E 
. TY 2 | - 


that is, becauſe AY is given, as un or AE. Now if the breadth 


FG .. 


94 
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A 2 apa y ome the Gepe 
292 the abſolute lateral ſtrength will be as AR FG. 


" STRENG THza STRESS 


4 F "Rong EG he increaſed in any proportion ; It is evident the fr enath of 


gab, 


Cor. 1. In ſquare Ih, ach at is as the cube of the 
breadth or depth. 
NED 15 Neid 


br. 2. eee, Ne . 8 WS 5 
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of ihe fed x KID UII "AY Wd IA, 


Cor. 3. And in any Pieces of timber, whoſe ſea ons are hich figures, : 


that the correſpondent ovdinates,— parallel tio 


portional, the ſtrengtbs are as the breadths and 1 of the _ bs, ; 


or as the ſeeions multiplied by be ple - 


. Cor. 4 The ſtrength ef. cylindrical Preces, or of any fimilas. gi. 
Lern e or teeiſed Yound The 2 40% be Ate 
We e A To Neis 


For ler, 4 Ir e e of .the ſecrion DEFG=c, 


Apr, then che circumference gr = - = and if the <obeſion 


ofa particle at tp be= 1 ' Then, the * applied at2 to over- 
come it, will be = und the force applied at Nto-avereome 


A 2430 C1; ; 271)» 


the coheſion of all 14 parts in h6circumſerruc rs ill be | 


N OfH(GI PUG a6. & Bits, 
come : the codons of all he tents the bote ÞQion DERG 
* ſum of all the ax: = i 5 7 ＋4˙ Fs 


. N 


J Therefore, becauſe AQ f is given, id 


to 7 
- 5-4; 5 
the ratio — ; and this force i is the firength of the beam; chere- 
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fore the mg is as #3 or 4. 5 g 
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What is hire ſaid of timber, is true of any 8 
bodies whatever ſort of matter they are of. But the abſolute 
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ſtrength gf any beam, lever, rape, Fe, when drawn in direc- x16. 


tion of its length, will be as the ſection of it. For evety part 
does in this. caſe bear an equal ſtretch, and the ſum of all the 


parts is equal to the whole, anch chat is as the ſection. 


PRO P. LXVIII. 


e lateral flrength of a tube, or hollow cane AB, to that of a ſolid 


one CD, is as the ſection of the tube (excluding the bollow), to the 
ſeftion of the ſolid cane, and the whote diameter of the tube to the. 
diameter of the ſolid. cane, nearly. p 


For (by Cor. 2. of the laſt Prop.) the ſtrength of the ſolid 


cylinder BF is Al,, and the ſtrength of the inner ſolid cylinder, 


whoſe fulcrum is at G, is EG, and whoſe fulcrum is at F, is 
greater than EG, and leſs than EE, and is nearly £9 + Gl 


— AF—3 AE} that is AF'—2AF*X AE nearly. Therefore the 


ſtrength of the tube AFIGE, is the difference of the ſtrength of 
theſe cylinders, that is, AF —AF'+2AF*XAE or SAFXAE. 
Likewiſe the ſtrength of the ſolid cylinder DCH, is CH.. There- 
fore the ſtrength of the tube EB: ſtrength of the cylinder HD 
*:2AF*XAE: CFP. But the ſection of the tube is as AF*—EG* 


_ AP'F—A E*=4AFX AE nearly. Whence, ſtrength of 


the tube FB : ſtrength of the cylinder HD:: 2AFXAE : 


CHXCEF :: 4AFXAEX1*AF:CEPXCH :: ſection of the tube 


Xi its diameter: ſection of the cylinder X its diameter > 
ſection tube x. diameter: ſe&ion cylinder x. diameter, nearly. 


Let the area of the ring AEGF be diſpoſed into another 


ring, whoſe diameter is leſs than AF; then ſince every particle 
of it acts at a leſs diftance from the fulcrum F, its ſtrength will 
be leſs in proportion; that is, its ſtrength will be as the diameter 
of the ring. And when the ring is fo. far diminiſhed as to 
become an entire circle, - the proportion cf their ſtrength will 

not differ far from the proportion of their diameters. Let the 


diameter of that circle be R; then, ſtrength of the ring or 


tube: ſtrength of an equal circle :: AF: R. And the ſtrength 
of R: to that of CH :: R.: CH*. Therefore, ex equo, ſtrength 


of the tube BF : ſtrength of the cylinder HD:: ANN: 
1 Og Rx CH 
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216, RXCH :: AER: CH H:: Ar xarea ring: CH x area of 
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the circle CI. = 5 
Cor. Hence the ſtrengtb of different tubes are as their ſections, and 


diameters, nearly. 


PR OP. LXIX, 
If any force be applied laterally to a leaver or beam, the ſtreſs _ 
any place is direftly as the force and its diſtance from that place, 


For ſuppoſe PAF to be a bended leaver. It is evident the 
greater the power at P, the greater force is applied at F to ſe- 
parate the parts of the wood. Alſo the greater the diſtance AP, 
the greater power has any given force applied at P. to overcome 


the coheſion of the wood at F. And therefore the whole ſtreſs 


depends on both. 


Cor. 1. If two equal weights lie upon the middle of two beams, 
or upon any other ſimilar places, ihe ſtreſs in theſe planes, will be as 
the lengths of the beams. 


For if C be the middle point, then A bears half the weight; 
therefore che ſtreſs at C is as AC + weight. And becauſe half 


the weight, or the force acting at A is given; therefore the ſtreſs 
is as AC or half AB, and therefore as AB. And if C be in any 
other ſimilar ſituation in both beams, the ſame thing will follow. 


Cor. 2. If two beams bear two weights proportional to their lengths, 
and in a like ſituation; the fireſs upon each will be as the ſquare of 
its length. 


Cor. 3. And if two beams bear two weights reciprocally as their 


lengths, in a fimilar ſituation, the ſtreſs where the weights lie, is equal 
in both. 1 | 
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Let AB be any beam of a given length, ſupported at A and B, and 


any given weight either ſuſpended at any point C, or equally dif- 
fuſed through the whole length of the beam AB; I ſay, in either 


caſe, the ſtreſs of the beam in C, is as the reftangle ACXCB. 


CAS E I. 


Let the given weight be repreſented | by the given length of 


the leaver AB. Then (by Cor. 5. Prop. XIX.) the weight at A. 
and the re. action equal thereto, will be CB. And by the laſt 
Prop. the ſtreſs at C will be as the force acting at A x diſtance 
AC, that is ACX CB. IS, 2 WO RR 


CASE II. 


Let AB be divided into an infinite number # of equal parts, 


each=1. Then as AB repreſents the whole weight, 1 will be 


the weight ſupported upon 1 part of the beam, let it reſt at 2; 
then Ap. = its preſſure on B. Therefore (by the laſt Prop.) 


AB | 
the ſtreſs at 9 is 2 and the ſtreſs at C is Ap - >< ariſing 


from the weight at p. Conſequently the ſtreſs at C ariſing _ 


from the ſum of all the weights between 4 and C, will be 
o+1+2+3-:: A BC; that is, (becauſe AC is the number 


— Conſequently the whole ſtreſs at C is 
AC* x BC+CB* x AC_AC+CB D AN CB 
AB - ear” we A Ry 


Cor. 1. The greateſt fireſs of a beam is in the middle, the weight . 
being either ſuſpended there; or equally diſpoſed over the whole length 


of the beam. 
O | | Cor. 


And by a like reaſoning, the ſtreſs at C. 
ariſing from the whole weight between B and C, will be 
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STRENGTH AND STRESS. 


Cor. 2. The ſtreſs of the beam at any point 55 by a weight orplied | 
to any other point C, is as Ape CBR. 
For AC x CB is che ſtreſs at C, and (by _ laſt) 8 m | 


be the e at p- | 


Cor. 3. The ſtreſs of the beam at any ues C. by a a ene . 
has by 15 W the ſtreſs of the beam at the ſame point C, bythe ſame 


weight preſſing uniformly on all parts of the beam. 
For by Caſe I. the ſtreſs at C is Ax CB; and by Caſe II. 
= you at C is i 2 


Car, 4 
there, is Ric to the fireſs at C, when the ſame OT is uni formly- 


diſperſed o on all the parts of AC. 


Cor. 5. If a weight preſs equally. on all the paris of PC, the- 
fireſs at 6 Ly that preſſure, is to the fireſs at C, when ſuſpended at: 
C:; as Aþp+ AC to2 AC. 

For (by Cor. 2.) the ſtreſs at C, by the weight 1 lying at p, 
is Ap x CB, and at C, is ACXCB. Therefore the whole ſtreſs at 
C, by the hole weight on all the points of pC, is the ſum of 


all. the Ap X CB = ES Ti+ Sz. 
2 DEL xpCxCB. But the ſtreſs. by the whole weight at C, is: 


ACKCBXHC, and the former is to the latter, as as 
to Ac. | 


"Wh: 


Cor. 6. If a e preſs equally on all, the parts of Ap, the freſs: 
at any. point C by that weight, is to the fireſs as C if ſuſpended there: 


: as Ap to 2 AG. 


For te mrels at C by all the weight on Ap, i is o+I+2... 
Ap x CB = 1 And the ſtreſs by the weight Ap at C. 


is ACKCBx 4p. 


Cor. 7. The ftreſs al p by: 1 We! bt at C, is e * to tbe refs at 
i C, .by aden en at : of oh 7 A. 2 


. Theſtreſs of a beam at any point C, by a weight ſuſpended: : 


AC: & C 


Apt AC- 
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ir pry 57 a me Ine Beam, l orizontally at the;cnd | 6 5, 11% 
wall; and if a N proportional to the length of the bedin, be 
4a iſperſed, 1 N a on all De. arts, af, the. beams, Tt fireſs at 


F. 101 185 45 10 


— 4 


a. point F ze 4 . Fr e Hae Ae from the 
* extremity.” L hk; Ae DIY 

vl let ED be be He . ge number of equal 
Parts ät 5 4 K g. (berg l and ſuſtain the 
Weite 12 Then * (5 pat p. 125 IX.) the ſtreſs at F, hy the 


weights at F, p, q, r, Sc. will be 1X0, 1x Fp, 1x Eg, Sc. or 


as o, 1, 2, 3, Cc. weſpeckurhy 5, T che e refs at oy 


will be a+pI+2+3 4 n 


y a r 2 3 \ ' 
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be double the ſtreſs at the ſame point F, when the ame wage preſſes 
uniformly on all.the parts bettiyeen F and Dc: 


For (by Prop..LXIX.) the ſtreſs at F a the weight DF, is 
DF * DF, or FD. | 


IT" \ \y ? 22 * 


. 

1 2. Ti Is preſs at the wk BC, = oh weight Pyke — yams as 
the fireſs upon the middle of a beam of rice the length DC, with- 
2 the weight-P laid on its middle, bis beam being ſupported at 

oth ends. | 

For the ſtreſs now at C, is the — 28 Vit Be wa Was Dr 
to the ſame length beyond C, and a weight equal to ſuſpended. 
at the end; _ then the fulcrum C will be acted on with twice 
the weight P. And this is the ſame as if the beam was turne 
upſide down, and twice the Wight P laid oa dhe made G 


; i ets 1 


PROP. LXXIL 


If there be two * funding a. ape, and bearing two weights 99. 


upon them, either in the middle, or in any given ſituation, or equally, 100» 


diffuſed over the whole length of the beams; the ſtreſs upon them 


will be direfly as the . and the lengths, and _ "Oy of 
elevation, 
O x For 


99+ 


| then the fog ill alſo be as their lengths,” AB and AC. 
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STRENGTH ANDSTRESS; .: 
For / by Cor. 1. Prop. XXXI.) the weight is to the preſſure | 


18 upon the plane, as radius to the coſ. elevation. Therefore the 


preſſure is as col. elevation x weight : and this is the force act- 
ing againſt the beam. Therefore (by Prop. LXVIII.) the ftreſs 


will be as its length and this force; 3 That is, as te had the 
* and col. elevation. # . | 


1. if the eben * 5 f the ole *. the FT the 


— 2 be as the cofine of elevation, and therefore greaty/t when it 


lies horizental. 

r. 2. FF the beams lit Wine, or at a equal inclinations, : 
and the 27, a be 45 ihe agb e then 8 FI 45 the r 7 the 
TI. > tn | 14 ir 
Cor. 3. 17 Fa lber are AFT on the Joris be? beam AB, and 


the inclined one AC, and BC be Perpendicular to AB then the Are 


will be equal upon both. 
For the length x col. elevation is the ſame i in both, or er * 


cot. A=ABx radius. ; 
| Cor. 4. But if the weights on « the Path dowd dear their iu 


9. „1 
. 


Cor. 5. And univerally, the fireſs upon any point of a Lupin to. 
is as the toned of the ſexments, and the weight, and coſ. inclina- 


tion direfly, and the length of the beam reciprocally. 
For in the horizontal beam AB, if the weight lie upon C, 


the preſſure at A will. be = V. And (by Prop. LXIX.) 


this preſſure or forcexdiſtance AC, will be as the ſtreſs at Cz 


that i 1s x2; * IF is as the ſtreſs at C. And if the beam lie 


2 ſlope, the ſtreſs (by Cor. 1. Prop XXXl.) will then vary in 


proportion to the col. elevation. 


P R 2 2 ILXXIn. 


am beam of 4 timber be to ſupport any weight, or preſſure, or 1 


: aging laterally upon it, the breadth ultiplied by the ſquare of 
| . the 
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Ißbe depth, or in ſimilar ſeftions, the cube of the diameter, in every F 1 G. 
place, viught 10 Be proportional to the length multiplied by the | 
weizht or force acting on it, or as the ſtreſs in that place. And 
. the ſame is true of ſeveral different pieces f timber compared 


* 


| together. IY- SVKJE + x af | \ 
For every ſeveral piece of timber, as well as every part of | 
the ſame timber or beam, ought to have its ſtrength propor- 
tioned to the weight, force or preſſure it is to ſuſtain. And 
therefore the frength ought to be univerſally as the fires upon 
it. Bur (by Prop. LXVI I.) the ſtrength is as the breadth x 
ſquare of the depth. And (by Prop. LXIX.) the ſtreſs is as 
the weight or force c by the diſtance it acts at. And therefore 
theſe mult be in an invariable ratio. oth 5 


Cor. x. F AEB be a prominent beam fixt at the end AE, and 
ſaſaining a weight at the other end B. And if the ſefions in al! 
places be ſimilar figures, and CD be the diameter in any place C, 
then CB will be every where as CDi. And AC; be a right line, 
EDB will be a cubic parabola. Therefore + of ſuch a beam may 
be cut away withaut any diminution of the firength. J | 
But if the beam ze bounded by two parallel planes, perpendicular 
to the horizon, then CB will be as CD*, and then EDA will be the 
common parabola, Whence a third part of a beam may be thus cut 
aw ay. 0 » A 46. << - ; a C # 4 15 4 , 


102. 


„ͤöͥ | | "AY 
Cer. 2. But if a wtight preſs uniform?y on every part of AB, and 
the ſections in all paints as C, be miar then BC will be every 
where as CD®, and EDB a ſemi-cubical parabola. 10. 
But if the beam be bounded by parallel planes, perpendicular to the 
 borizon, then BU will be as CD, and EDB a right lime. Here hbalf 


a beam may be cut" ay without lofing any ſtrength. 
| > They DIET 103. | 


Cor. 3. If AB be a beam ſupported at both ends, and if it bear a 

weight in any variable point C, or uniformly on all the parts of it. 
And if ail the ſections be ſimilar figures, and CD be the diameter in 
that place C, then will CDi be every where as ACXCB. 

But if it be bounded by two parallel planes, perpendicular to the 
borizin, then will CD* be every where as ACXCB, and therefore 
the curve ADB is an eltipfts, ſuppoſing AB a right line. | 

| #790 1837 | . 

Cor. 4. But if @ weight be placed at any given point P, and all e 
ſeHions are ſimilar figures, and if CD be any diameter, then will 

5C be as CD", and AD and BY are two cubis paraboias. 


But 


102 


FI a, 
104. 


290. 


291. 


| port the. weichen. ta..both-circles ir Rlain becauſe the ſtrengch 
. - ; breadth, 


it is here ſuppoſed that the timber is homogeneous and of the 


the defect. And what is here ſaid of pieces of timber, holds 
_ equally true of any other ſolid bodies, ſuch as pieces of metal; 


. As twice the length of the bar : 
Ta its breadth.. 


© 
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But if the beam be bounded. by two parallel planes, perpendicular 

to the borizon, then BC is CD., and AD. and B are two 
Common parabolas. I J . > 8 1 Bs TI > IG 2 + Wok. 


% * 
a * 


7 


Cor. 5. All circular plates, whether great or Mille, being of the © 
ſame matter and thickneſs, and ſupported all round on the edges, Will 
Lear equal weights, The ſame is true of ſquare plates, or any ſimilar 
ones. | | 33 5 
For let AD, ad, be two ſquares, and let them firſt, be oaly 
ſupported at the ends 4B, CH, and ab, cd. Theh by this Prop. 
(ſince the thickneſs is given) AB: ACx weight on AD: : ad 
: ac X weight on ad, and weight on AD: weight on ad 5 
3 : _ but = 2 = therefore weight on AD æ weight 
AC ac ie, 7 ac #1:orots bs 
on ad, when the plates are only ſupported by AB, CD, ad 
ab, cd. And for the ſame reaſon the weights will be equal, 
when only ſupported. by the ſides AC, BD, and ac, Id. And, 
conſequently the weights will ſtill be equal, when the plates are, 
ſupported: by all four ſides, in which caſe, twice the weight, 
will be ſupported ; and the ſame holds equally true of all ſimi- 
lar figures. For, * „ Ss 
' Let A, ad, be two hollow circles, drau the inſcribed ſquares 
ABCD, abed, theſe ſquares are ſupported upon the four ſides 
AB, BD, De, Cd. and ab, bd, dc, ca, by the continuity of 
the plates; therefore the weights will be equal, as was proyed 
before. And that the continuity of the plates will equally ſup- 


1 


Cale Car to. TOs k o 3 WY nd dans fas, os - , 85,8 7 N WE 5 8 * 


n 


of both ſegments 4B, ab, are equal, the length being as the 


} 


Cor. 6. Hence, the weight a ſquare plate will len: 


To the weight which a bar of the ſame matter and thickneſs will bea 0 


And a circular plate is but very little weaker. 
155 | a | NG f | 
S Co H OL. | 

All theſe things appear from the foregoing propoſitions z but 


ſame goodneſs, otherwiſe a proper allowance muſt be made for 


TFE JJ. y ... ͥ· A i Re ab 


ſtone, Ic. And. if pieces of timber or metal be cut into the 
| 7 | x figures 
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figures mentioned in the foregoing corollaries, all the parts will r 1 6. 
de diſpoſed to break together. And if a ſpring is to be made, 291. 


irs ſhape ought to be as in Cor. 1. and then every part will 
bear a ſtreſs, proportional to its ſtrength. 


PROP. LXXIV. 
If a weight A be ſupported upon the: end of a crooked piece of timber 
ABD, and from the ends, a line AB be drawn perpendicular to 


the borizon, and from the angle B, the line BC perpendicular to 
A; the ſtreſs at B will be as the perpendicular BC. 


FOG. 


Por as the weight A acts not in direction AB, but in direc- 


tion AD, therefore it. is the ſame as if it were applied at the 
point C; but a force applied at C, has a greater power to break 
the timber at B, in proportion as the leaver BC is longer. This 
force therefore, or the ſtreſs at B, is as BC. 


Cor. 1. Hence, if any two forces acting from or againſt one another, 106. 
at the ends A, F, of any crocked beam ABDEF, and keep, one an- 
other. in eguilibrio; and the line AF, or the direction of the forces 
being drawn, the ſtreſs at any point, is as the perpendicular upon AF. 
So the ſtreſs at b is be; at B, BC, at D, DI; at E, EK; and at 
G, H, nothing. 1 


Cor. 2. Hence alſo, that the ſtrength in am part b, may be pro- 
portional to the ſiteſs there, the breadth multiplied by the ſquare of 
the depth, muſt be as the perpenditular bc, reckoning that the depib, 
which is in the plane paſſing through AF. 


PROP, LXXV. 


Having the length AB and weight W, of a cylinder or priſm, that 107. " 
can juſt ſupport the weight P at the end, to find the length of an- 108. 
other beam FG, ſimilar to the former, and of the ſame matter, that 
ill juſt break with its own weight, or only ſupport itſelf. 


Since 


— 


n 1 P * 8 * y CIO kts 4 a) 
3 88 E 1 1 + 575 25 
CY e 4 2 A n * * * 7 * * 
1 * P } \ b 2 3 * by : * * 
5 1 10 a — Os: 
2 n | 12 
* = 
"I - 7 
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Since the weights of ſimilar ſolids of the ſame mat 


Fic. 


108. AB | | 
Prop. LXVII. the ſtrength of the beam AB is AC; and of FG, 


is FE. And by Prop. LXIX. the ſtreſs at 4 is F xAB. 


And the fireſs at RAY Xx FG. And fince the beams 


248" i <0 


are both ſuppoſed to break with theſe weights; therefore the | 
ſtrength muſt be as the ſtreſs; that is, 2 PAB: 


2 . (:: AC: FB) : : AB! : FO. Whence DX 
=FG'x ABX *W+P. Or F6GxXW=ABxXV +2P, Whence 
W:W+2P:: AB: FG, the length required. 


Cor. 1. Ten. =P. Then FG=ABX 126. 


C 2. Hence there is one and only one beam, that will juſt break 


by its own weight, or juſt ſuſtain itſelf. 


Cor. 3. The ſame Prop. will likewiſe bold good, in regard to two 
beams ſupported at both ends and breaking in the middle, by Cor. 3, 


Prop. LXX. | 


Cor. 4. If the beam FG break by its own weight, a beam of twice 

the length of FG, and ſupporting at both ends, will alſo break by its 

own weight ; or if one ſuſtain itſelf, the other will. | 
For the ſtreſs is the ſame in both of them, by Cor. 3. Prop. 


LXX. and Cor. 1. Prop. LXXI. each of them being equal to 


the ſtreſs of a beam, twice the length of FG, and ſuſpended in 
the middle. e 


PROP. LXXVI. 


109, If any weight be laid on the beam AB, as at C, or any force applied 
110. 0 it at C; ihe beam will be bent through a ſpace CD propor- 


tional to the weight or force applied at C. And the reſiſtance 


of the beam will be as the ſpace it is bent through nearly. 


In 


__ as the cubes .of the lengths, it will be, AB.: V : F:? 
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In order to find the law of reſiſtance of beams of timber or 18. 
fuch like bodies, againſt any weights laid upon them, or ſtrain- 209. 
ing them, I took a piece of wood plained ſquare, and ſupport- | 79! 
ing it at both ends A, B, I laid ſucceſſively on the middle of it 
at C, 1, 2, 3, 4» 5, 6, 7, and 8 pounds; and I found the 
middle point C to deſcend through the ſpaces 1, 2, 3, 4, 5, 6, 
7, and 8, reſpectively. And repeating the ſame experiment 
with the weights 3, 6, 9 Ib. they all deſcended through ſpaces, 
either accurately or very nearly as the numbers 1, 2,3. I tried 

the ſame thing with ſprings of metal, and found the ſpace 
through which they were bent, proportional to the weight fuſ- 
pended. alſo tried ſeveral experiments of this kind with 
wires, hairs, and other elaſtic flexible bodies, by hanging weights 
at them: and I found that the increaſe of their lengths, by. + 
ſtretching, was, in each of them, proportional to the weights. | 
hung at them: except when they were going to break, and 
then the increaſe was ſomething greater. It may be obſerved, 
that none of theſe bodies regained their firſt figure, when the 
weights were taken off, except well tempered. ſprings; ſo that 
there are no natural bodies perfectly elaſtic, And even ſprings 
are obſerved by experience to grow weaker by often bending; . 
and by remaining ſome time unbent, will. recover part of their: 
ſtrength: and are ſomething ſtrongerin cold than in, hot weather. 
But at any time a ſpring, and all ſuch bodies obſervethis law, that 
they have the leaſt reſiſtance when leaſt bent, and in all caſes 
are bent through ſpaces nearly proportional to the weights or 
forces applied. And therefore I think this law is ſufficiently 
eſtabliſned, that the reſiſtance, any of theſe bodies makes, is 
proportional to the ſpace through which it is, bent, or. that it | 
exerts a force proportional to the diſtance it is ſtretched to. | « 

The knowledge of this property of ſpringy bodies is of great- | —— 
uſe in mechanics, for by this means a ſpring may. be. contrived. 
to pull. at all times with equal ſtrength, as in the fuſee of a. 
watch; or it may be made to draw in any proportion of ſtrength. 
required, | | 
The action of a ſpring may be compared to the lifting up 
_ a chain of weights, lying upon a plane, or to the lifting a cy- 
linder of timber. out of the water endways.. 


' | a 
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; © 0 r. LXXVII. n 
111. To find the veya firength of any beam of W wy tray ia 


Jettion is any figure e 5 


Let ERG be the ſection of the beam in the place Wege it : 


breaks. Draw the ordinates IM, in, infinicely near each other, 
and Panne to the baſe RG, _ 


i 


FR ERS TE. X N . ps — 
1 RG = E M 7 hoon, oi WY. Te, 
| 33 


| | The abſolute frength if. one fibre of the OF . 
When the beam breaks, it is done by the ſeparation. of the 
parts of the wood at E. Therefore QE muſt be eſteemed a 
bended leaver, whoſe fulerum is at R. When the beam breaks, 


the fibres at E are ſtretch to their full ſtrength, but thoſe 
nearer R are leſs ſtretched, and exert leſs force or reſiſtance in 


1 


Proportion to their diſtance from R (by the laſt Prop.); and 
therefore the reſiſtance of a fibre at I = * 3 * the reſiſtance | 


of all the fibres in the eg In, = by xiv; and tha 


power of all the fibres in the parallelogram, in regard to the 
brachium IR, is = — x1. And the ſum of all the powers 


in the whole ſeftion = ſum of all the = X In. 
Let g, p, be the diſt ance of the center of gravity and percuſſion 


from RG, as the axis of motion. 
Then (by Cor. 1. Prop. LVII.) the ſum of all the vvx In 
* of all the In gp x ſection ERG. And the ſum of 


all the £ oo x In= = x ſection ERG. Therefore the ſtrength 


of the beam at 1 = x ſeftion ERC. 


112. Cor. 1. If there be taken RO = — then all the fibres of 


the wood being ſuppoſed to be collefted in O, and afing there with 
their full ſtrength ;, their total ſtrength at O, — be equal to the 


firength of the beam, at the ſeftion ERG. 
7 | For 


o x A » * 
r 77 Zo . ' Ad 2 k 
24 * Atta. 8 * * n n IR n 2 r 17 e 


. D e k 
I * 8 r 8 EONS IE ad So REN 
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For ſuppoſe O to be ſuch a point; then the ſtrength of the 21 6 
beam, or — x ſetion ERG = RO & ſection ERG; and RO 112. 


C9. 
1 

Cor: 2. If the ſeftion be a parallelogram. gd, and p=3d, 
therefore RO=d. 1 | 

In a circle whoſe diameter is ER, g=4d, pd, and RO=-,d, 
Sad nearly, as in the parallelogram. „ 

In the periphery of a circle (the beam being a hollow cane) gægad, 
and p=3d, whence RO=4d=4d nearly as in the parallelogram. 

In à triangle whoſe baſe is at E parallel to the herizon, and ver- 
tex at R; gad, and p=3d, and RO gad. And its ftrength==d 
x area of the triangle. | 7 


Cor. 2. The ſtrength of a cylinder when. twiſted, wreſted, or rung 289. 
round its axis, is equal to the lateral ftrength of a triangular beam 
zvhoſe height =radius, baſe=circumference of the cylinder; and ver- 
ter of the triangle at D. | | | 


For let AD =r, circ. DEFG = c, Ap = v, circ. par = ©. 
: 


7 
r 1 7 r a Pos: Hoa 3 Sb) EE J F © wth Wh =_— 3. 1 < r TIS. 3 LITER = 


The reſiſtance of a fibre at Dis 1, and at p is = =, and the 
r 


reſiſtance of all the fibres in pgr is = 2. 
| 2 


power of all the fibres in par, in regard to the brachium Ap is = 


Dun; and the total power of all the fibres in the whole ſec- 
rr | ; ; 


tion DEFG is = = x ſum of all the == x + 2 + 5 
r rr 
+ 3. . tort =* < 4 ; therefore the ſtrength is = =. 
4 4 
And in the triangle, the area being L, and 4 =. r, the 
"== 2 


ſtrength = 24x , the ſame as for the twiſted cylinder. 
| _— | | 


SCH OE 


This Cor. 2. does not agree ſo well with timber as metal, for 
che texture of wood is not the ſame in length as breadth. For 


* I/Vard's Math. Guide, Part V. Lem. 4. 
Da; all 


108 


71. all wood is compoſed of long ſlender tubular fibres, joined to- 
gether by a glutinous matter, which is eaſily ſeparated; and 
therefore wood is much more eaſily ſplit than broken. | 


113. 


. 
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PROP. LXXVIIL 


Given the weight that will break a beam laterally, to find how much 
will-break it when drawn in direction of its length. 


Let DR be the beam. 

Put I = its length DF, 1 5 

W = weight applied at D, that can break it at E, 
d = depth ER, 8 | 
g = diſtance of the center of gravity of the ſection ERG from R, 

Pp = diſtance of the center of percuſſion of ERG from RG, 


Then 2 , = weight that will break it when drawn in dire tion of 


its length, » | | 8 N 

But if the beam be ſupported at both ends, and the weight breaks it 

in the middle; g and p muſt be meaſured from the upper fide, and 
take t for half its length, W for half the weight that breaks it. 


For by Cor. 1. of the laſt Prop. if RO —>> then all the 
fibres of the beam acting at O, will be equal to the ſtrength of 
the beam; and ſince V, applied at D, can break it in either 
caſe, therefore by the nature of the leaver, it will be, / x W = 


RO x abſolute ſtrength = — x abſolute ſtrength, therefore 
the abſolute ſtrength = _ of the weight that can break it, 
when drawn in length, 


Cor. Hence, if there be taken RL = 5 , then the weight tobich 


being applied at L, will Juſt break the beam borizontally, the ſame 
il guſt pull it aſunder, when applied lengthways. 


For then ] = — , and weight ⁊ refiſtance at O = ſtrength 
of the whole beam, | 
| | Therefore | 


ſupported at both ends, bears 315 lb. before it breaks; it will 
bear, when drawn in length, 2835 lb. or 1 ton, 5 hundreds, 2 
ſtone 7 pound; that is above a ton and a quarter. 


SCH O L. 


Here we all along ſuppoſe that the fulcrum at R remains 
fixt; but if it ſhould vary by the denting in of the parts at R, 
it will cauſe a little variation in the ſtrength, and make the beam 
ſomething weaker laterally. And that it will yield a little this 
way, is evident from experiments; for the hardeſt bodies, ſuch 
as glaſs in ſmall threads, may be extended in length, and con- 
ſequently may be contracted by a contrary force; and balls of 
glaſs or wood, let fall upon a hard body, will rebound ; which 
they cannot do without the dentiog in of the parts. 


5 
PROP. LXXIX. 


If a weight be laid upon the ftreight beam AB, ſupported at both 
ends, its bending or curvature will be nearly as the weight and 

length direfily; and as the breadth and cube of the depth recipro- 
cally, | | 


It is found (by Prop. LXXVI.) that if ſeveral weights be laid 
ſucceſſively upon a horizontal beam AB, the ſpace CDB, thro? 
which the point D deſcends, will be as the weight it bears. Now 


the parts at e, F, which are contiguous at the beginning of the de- 


ſcent, are gradually ſeparated; till at laſt the beam breaks. 
At which time, when it can bear no more, the infinitely ſmall 
diſtance ef is a given quantity. If CD be ſuppoſed very ſmall, 
then CD is as the curvature at D, and this curvature is as the 


infinitely ſmall angle eDf, that is, as 225 and when it breaks, 


as J. . | 
557 = 

Let L be the length of any beam, Sits breadth, Df its depth, 

then (by Prop. LXXIII. ) its ſtrength, or the weight it will bear, 


Is as XL. Therefore put XD!" for the greateſt weight, and 
1 


OH 
2 


Df - 
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Therefore if a piece of oak, an inch ſquare and a foot long, + 1 C. 


113. 


114. 


110 


FIG. 
114. 
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be 


for the curvature when breaking; for any other weight; 


and C the correſpondent curvature, And it will be as 


— I Co LF. 2 
L ' Bx IF | 


Cor. 1. The quantity of deflexion CD of any beam is as the weight: 
and cube of the length direfly, and the breadth. and cube of the depth 


reciprocally. of | | 8 
For when CD is very ſmall, ADB is very near a circle, or- 
nearer a parabola; ſuppoſe it a circle, and let its radius be R, 


then 2R CD AD. or = LL; therefore 77 = whence 


8K 
CD is as the curvature C, that is as 2 2 
L. | „ 
And if ACB, the original poſition of the beam, is not a right line, 


yet CD will ſtill be of the ſame quantity. 


Cor. 2. In ſimilar homogenous ſtreight bodies the curvature is as be . 
weight direftly, and cube of the depth reciprocally ; but the deflexion- 


CD is as the weight direttly, and depth reciprocally. 


Cor. 3. In ſimilar bodies bending from a ftreight line by their own | 
weight, the curvature is given, and the deflexion is as the ſquare of 


the depth. | 


Cor. 4. In the utmoſt firength of beams, or their breaking poſition, . 


the curvature is reciprocally as the depth, and the deflexion as ths, 
ſquare of the length direftly and the depth reciprocaliy. 
For then Y V is as LV. 


Cor. 5. What is ſaid of ſtreight beams is equally true of any beams, 
znregard tothe increaſe or variation of curvature, and to the deflection 


from their original poſition. 


SCHOEL., 


What is ſaid of beams of timber in this ſection, is equally ap- 
plicable to any ſolid bodies, acted on in a like manner as by 
weights. There are ſome bodies in which a very little bend- 
ing may have a great effect, as in the glaſſes of large teleſcopes. 


For (by Cor. 3. of the laſt Prop.) the deflexion from their 


true figure, ariſing from their own weight, is as the ſquare of 
| the 
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| he diameter, whey! the glaſſes are. ſimilar. And though this be FIG. 
3nſenſible in ſmall glaſſes, it may produce ſome ſenſible error in 
large ones; and the ſame may . to them in grinding «t 
too much preſſure. 
From the foregoing propoſitions it follous, chat if a certain 
| beam of timber be able to ſupport a given weight, another beam 
of the ſame timber, ſimilar to the former, may be taken ſo great 
as to be able but juſt to bear its own weight; and any bigger 
beam cannot ſupport itſelf, but muſt break by its own weight; 
and any leſs beam will bear ſomething more. For the ſtrength 
being as the cube or̃ the depth, and the ſtreſs being as the mat- 
ter and length, is as the 4th power of the depth: it is plain the 
ſtreſs increaſes in a greater ratio than the ſtrength, Whence it 
follows, that a beam may be taken ſo large, that the ſtreſs may 
far exceed the ſtrength. And that of all ſimilar beams there is 
but one that will ſupport itſelf, and nothing more. Likewiſe if 
any beam can make 10 times its own weight, no other ſimilar 
beam will do the ſame. And the like holds in all machines, 
and in all animal bodies. And hence there is a certain limit, 
In regard to magnitude, not only in all machines and artificial 
ſtructures, but alſo in natural ones, which neither art nor nature 
can go beyond, ſuppoſing them made of the n matter, and 
in the ſame proportion of parts. 

Hence it is impoſſible that mechanic engines can be increaſed 
to any bigneſs. For when they arrive at a particular ſize, their 
ſeveral parts will break and fall aſunder by their weight; neither 

can any buildings of vaſt bigneſs be made to ſtand, but muſt fall 
to pieces by their great weight, and go to ruin. Vaſt columns 
and pyramids will break by their weight and tumble down. 
It is likewiſe impoſſible for nature to produce animals of any 
vaſt ſize at pleaſure, or any ſuch thing as giants, or men of pro- 
digious ſtature; except ſome ſort of matter can be found to 
make the bones of, which is ſo much harder and ſtronger than 
any hitherto known; or elſe that the proportion of the parts be 
ſo much altered, and the bones and muſcles made thicker in 
Proportion, which will make the animal diſtorted and of a mon- 
ſtrous figure, and not capable of performing any proper action. 
And being made ſimilar, and of common matter, they will not 
be able to ſtand or move, but being burdened by their own 
weight muſt fall down. 

Thus it is impoſſible that there can be any anion ſo big as to 
carry a caſtle upon his back, or any man ſo ſtrong as to remove 


a mountain, or pull up a large oak by the roots: nature will not 
| admit 
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112 STRENGTH and STRESS | 
- . 10. admit of theſe things, whence its impoſſible there can be a K 
| mals of any ſort beyond a determinate bigneſs. * 
Fiſh may indeed be produced to a larger ſize than land ani- 
mals, becauſe their weight is ſupported by the water; but yet 
they cannot be increaſed to immenſity, becauſe the internal parts 
will preſs upon one another by their weight and deſtroy their 
fabric. 58 
On the contrary, when the ſize of animals is diminiſhed, their 
ſtrength is not dimiſked in the ſame proportion as the weight. 
And therefore a ſmall animal will carry far more than its own: 
weight, whilſt a great one cannot carry ſo much as its weight. 
And hence it is that ſmall animals are more active, will run- 
faſter, jump farther, or perform any motion quicker, for their 
weight, than large animals; for the leſs the animal the greater 
the proportion of the ſtrength to the ſtreſs. And nature ſeems 
to know no bounds as to the ſmalineſs of animals, at leaſt in re- 
| | gard to their weight. 5 
3 Neither can any two unequal and ſimilar machines reſiſt any 
| violence alike, or in the fame proportion; but the greater will 
be more hurt than the leſs. And the ſame is true of animals, 
| for large animals by falling break their bones, whilſt leſſer ones 
1 falling higher receive no damage. Thus a cat may fall 2 or 3: 
1 yards high and be no worſe, and an ant from the top of a tower. 
. | 7 3 It is likewiſe impoſſible, in. the nature of things,. that there- 
| can be any trees of immenſe bigneſs; if there were any ſuch, 
1 | their limbs, boughs, and branches, muft break and fall down 
i by their great weight. Thus it is impoſſible there can be an oak. 
. a quarter of a mile high ; ſuch a tree cannot grow or ſtand, but 
| | its limbs will drop off by their weight. And hence likewiſe, 
| lefler plants can better ſuſtain themſelves than large ones can do. 
Neither could a tree of an ordinary ſize be able to ſtand if it: 
was compoſed of the ſame tender matter that ſome plants con- 
fiſt of; nor ſuch a plant if it were much bigger than common. 
And that plants made of ſuch tender matter may better ſupport: 
themſelves ; nature has made the trunks and branches of many: 
of them hollow, by which means they are both lighter and. 
q ſtronger. EIS; ; 
| The propoſitions before laid down concerning the ſtrength: 
| and ſtreſs of timber, Sc. are alſo of excellent uſe in ſeveral con- 
| cerns of life, and particularly in architecture; and upon theſe 
principles a great many problems may be reſolved relating 
to the due proportion of ſtrength in ſeveral bodies, according 
| f to 
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to their en poſitions and weights they, are 1 bear, ſome 110. 


of which | ſhall briefly-enumerate, ' © 

If a piece of timber is to be holed with a wont hole, the 
beam will be ſtronger when it is taken out of the middle, than 
if it be taken out of either ſide. And in a beam ſupported at 
both ends, it is ſtronger when the hole is taken out of the upper 
ſide than-the under one, REP: a V. of wood | is en ven hard 
in to fill up the hole, © 

If a piece is to be ſpliced upon the: end of a ben to be ſup- 
ported at both ends, it will be ſtronger when ſpliced on the un- 


der ſide of a beam, than on the upper ſide. But if the beam is 
ſupported only at one end, to bear Nene on the other, it is 


ſtronger when ſpliced on the upper ſide: 
When a ſmall leaver, Cc. is nailed to 1 body to remove it or 


ſuſpend. it by, the ſtrain is greater upon the nail neareſt ehe hand 


or point here the power is applied. : 

If a beam is ſupported at both 2 0 and the two ends reeh 
over the props, and be fixt down immoveable, it will bear twice 
as much weight as when the ends only” lie looſe or free upon the 
ſupporters. _.. 

If a lender cylinder | is to be ſupported by two pieces, the diſ- 
tance of the pins ought to be es, parts of the length of the 
cylinder, that is its length, the pins pins equi-diſtant from its ends, 


and then the cylinder will endure the leaſt bending or ſtrain by 


its weights. 


By the foregoing principles i it alſo: -follows, that a beam fixt 
at one end, and bearing a weight at the other, if it be cut in the 


form of a wedge and placed with its parallel ſides, parallel to 
the horizon, it will be equally ſtrong every where, ang no ſooner ' 


break in one place than another, 
If a beam has all its ſides cut into the form of a Concave 


parabola, whoſe vertex is at the end, and baſe a ſquare; a cir- 


cle, or any regular polygon, ſuch! a beam fixt horizontal at 


one end, is equally ſtrong nn for ſupporting its own 
weight. 


By the ſame bie les, if a wall be the wind, and if the 


ſection of it be a right angled triangle, or the foreſide be perpen- 


dicular to the horizon, and the backſide terminated by a ſloping 


plane interſecting the other plane in the top of the wall, ſuch 


_ a wall will be equally ſtrong in all its parts to reſiſt the wind, if 


the parts of the wall cohere ſtrongly together; but if it be Muilt 


of looſe materials, it is better to be convex on the bene in 


form of a parabola. 
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If a wall is to ſupport a bank of earth, or any fluid body. 


it ought to be built concave in form of a ſemiscubical parabola; . 
whoſe vertex is· at top of the wall; this is when the parts of the- 
wall ſtick, well together; but if the parts be looſe then a right 
line or loping plane ought to be its figure. Such walls will be 


| equally firon 8 tbroughout. 


& Ev" 


equally ſtrong in all parts to reſift the wind; but when the parts 


cohe re not together, parabolic conoids are equally. firong: 


throughout. 


| Likewiſe if there be a pillar erefted in form of the logarith-- 


mic curve, the aſfymptote being the axis, it cannot be er̃uſhed 


to pieces in one part ſooner than in eee own weight. 
And if ſuch a pillar be turned upſide down, and ſuſpended at the 
thick end in the air, it will be no ſooner pulled aſunder in one 
part than another by its own weight. And the caſe is the ſame 

if the ſmall end be cut off, and inſtead of it, a cylindet be- added, 


| whoſe height is half the ſubtangent. 


11 7 ” 


”* * 


Laſtly, let AE be a beam in form of a triangular priſm, and 


if AD AB, and AI Ac, and the part ADIF be cut away 


parallel to the baſe, the remaining beam DICEF will bear a. 


greater weight P, than the whole ABC EO, or the part will be 


ſtronger than the whole, whieb is a paradox in mechanics. 
And upon the ſame principles au infinite number of queſtions- 
of like kind may be reſolved, which are curious enough, and of- 
treat uſe in the common affairs of life. ET 13 Neu 
All 1 ſhall here add, is the ſtrength. of ſeveral ſorts of timber, 
and other bodies, as L have collected from experiments. 
In the firſt edition of this book I had inſerted the ſtrength of 
ſome ſorts of wood, ſuch as I had made experiments upon; in 
all Which, I gave the teaft: weight which the worſt of them was 


Juſt able bean; leſt any body computing the ſtrength of a. 


beam, ſhould overcharge it with too much weight. And ſince 


chat time, have made a great many more experiments, not only 


upon many different ſorts of wood, but ſeveral other bodies, the 
reſult of yhich I ſhall here ſet down. A piece of good oak, an 
inch ſquare, and a yard long, ſupported at both ends, will bear 


in the middle, for a very. little time, about $340 pounds averd.-. 


but will break with more than that weight. This is at a medium; 
for there are ſome pieces that will carry ſomething more, and 
others not ſo much: but ſuch a piece of wood ſhould: not in 


practice be truſted for any length of time with above a third or- 


a fourth part of that weight. For ſince this is the extreme 


weight which the beſt wood will bear, that of a worſe ſort muſt- 
| break 


All ſpires of churches · in the form of cones or pyramids, are 
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break with it. For I Be found Ey Erpeffehde, cht khere is r 1 E. : 
a great deal bf difference in ſtrength, ih different pieces of the 
very ſame tfee, ſome pieces I have found wouldmor bear half 
the weight that others would do. The wood of the bonghs 
and branches, is far weaker than that of ths 1 ; the wood of 
the great limbs, is ronger than tat of the ſmall ones, and the 
wood in the heart of à found tree is ſtrongeſt of all. I have 
alſo found by experience, that a piece of timber, which has - 
born a great weight for a ſmall time, has broke with a far leſs 
weight, when left upon it for a far longer time. Wood is like- 
wiſe weaker when it is green, and ftrongeft when thoroughly 
dried, and ſhould be two or three years old at leaſt; If wood 
happens to be ſappy it will be weaker upon that account, and 
will like wiſe decay fooner. Knots in wood weaken it very much, 
and this often caufes it to break where a knot is. Alfo when 
wood is croſs-gramed,” as it often happens in ſawing; this will 
weaken it more or leſs, according as it runs more or leſs croſs 
the grain. And J have found by experience, that tough wood 
croſs the grain, ſuch as elm or aſh, is 7, 8, or 10 times weaker 
than ſtreight; and wood that eafily ſplits, ſuch as fir, is 16, 18, 
or 20 times weaker, And for common uſe it is hardly poſſible 
to find wood but it muſt be ſubject to ſome of theſe things. Be- 
ſides, when timber lies long in a building, it 1s apt to decay or 
be worm eaten, which muſt needs very much impair its ſtrength, 
From all which it appears, that a large allowance ought to be 
made for the ſtrength of wood, when applied to any ule, eſpe- 
cially where it is deſigned to continue for a long time. 

The proportion of the ſtrength of ſeveral forts of wood, and 
other bodies that I have tried, will appear 1n the following table. 
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Box, yew, plumbtree, oak 


bY. 
5 
5 
= 
Ws 
2 


— — 11 
Elm, aſh — — — — 8 
Walnut, thorn — — — 2 
Red fir, hollin, elder, plane — — | 
Crabtree, appletree — — 7 
Beech, cherrytree, hazle = — 65 
Alder, aſp, birch, white fir — — PF, 
Willow or ſaugh — — F 
ron — — | — 107 
Braſs 7 — mp — — 50 
Bones _ — — 22 
Lead 1 — — 6+ 
Fine free-ſtone — — — 1 
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together, which I found to be pretty near of the ſame ſtrength, 


as I found ſometimes one ſort to exceed in ſtrength and ſome- 


times another, there being a great difference even in the ſame 
ſort of wood; and I do not doubt but other people that ſhall 


make experiments, will find them as different and various as 1 


have done, and perhaps quite different from mine, juſt according. 


to the goodneſs or badneſs of the wood they uſe. But I have 


contented myſelf to ſet down what I found from my own ex- 
perience, as the reſult of a great many trials, without any regard 


to what other people have done or may do. What J ſhall fur- 


ther add, is this, 


A cylindric rod of good clean fir, of an inch circumference, 


drawn in length, will bear at extremity, 400 1b. and a ſpear of 
fir 2 inches diameter, will bear about 7 ton, but not more. 
A rod of good iron of an inch circumference, will bear near 3 
ton weight. | | 
A good hempen rope of an inch circumference, will bear. 
1000 Ib. at extremity. 


All this ſuppoſes theſe bodies to be ſound and good throughout, 
but none of theſe ſhould be put to bear more than a third or a. 


fourth part of the weight, eſpecially for any length of time. 
From what has been. ſaid, if a ſpear of fir or a rope, or a ſpear: 


of iron of 4 inches diameter, was to lift + the extreme weight, 


then, | VE h : 
The fir would bear 8 f dd hundred weight. 


The rope 22 dd hundred weight, 
The iron 64 ad ton weight, 


RW 


In this table I have put ſeveral ſorts of wood into one claſs. | 
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PR O P. LXXX. 
Motion or preſurei in a fluid is not propagated in right lines, but cual 


all around in all manner directions. 


If a force act at a in direction ab, that motion can be directed 
no further than theſe particles lie in a right line as to c. But 
the particle c will urge the particles d, f obliquely, by which that 
motion is conveyed to e, g. And theſe particles e, g, will urge 


the particles u, p, and r, s obliquely, which lie neareſt them. 


Therefore the preſſure as ſoon as it is propagated to particles 
that lie out of right lines, begins to deflect towards one ſide and 
the other, and that preſſure being farther continued, will deflect 
into other oblique directions, and ſo on. Therefore the preſſure 
and motion is propagated obliquely ad infinitum, and will there- 
fore be propagated in all directions. 


Cer. F any part of a preſſure Seal through a fluid, be "hoot 
by an obſtacle, the remaining part will defle into the ſpaces behind.the 


FIG. 
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obſtacle. Thus if a wave proceeds from C, and a part gees through 


the hole A, it expands itſelf, and forms a new wave beyond the hole, 


which moves forward in a ſemi-circle whoſe center is the hole. 


For any part of a fluid preſſing, againſt the next is equally. re re- 


acted on by the next, and that by the next to it, and fo on; from 


whence follows a lateral preſſure (equal. to the direct. preſſure) 
into the places behind the obſtacle. 
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| A ſaid can only be at reſt when its ſurface is placed in a horizontal 


ſituation. 


For let ABCD be a vell:1 of water or any fluid : and let AB 


be parallel to the horizon. Suppoſe the ſurface of the liquor to 


be in the poſition FE. Then becauſe the parts of the fluid are 


eaſily moveable among themſelves; therefore (by ax. 7.) the 


higher parts at E will, by their gravity, continually deſcend to 
the lower places at F. . Allo the greater preſſure under E and 


the leſſer under F, will cauſe the parts at E to deſcend, and 


thoſe at F to aſcend. And thus the higher parts of the fluid 


1 deſcending, and ſpreading themſelves over the lower parts 


at F, which are at the ſame time aſcending: the ſurface of the 


fluid will at laſt be reduced to a horizontal polition AB. But 
being ſettled in this poſition, ſince there is no part higher than 
another, there is no tendency in any one part to deſcend, more 
than in another ; and theretore the fluid will reſt in an horizon- 


tal poſition, 


121. 
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Cor. 1. F the fluid does not gravitate in parallel lines, but to- 


wards a fixed point or center C; then the fluid can only be at reſt 


when its ſurface takes the form of a ſpherical ſurface AB, wheſe 


* 


center is C. | 


For if any parts of the ſurface of the fluid & or B, were fur- 


ther from C than the reſt, they would continually flow down 


to the places nearer C, towards which their weights are directed: 
till at laſt they would be all equi-diſtant from it. 


Cor. 2. Any fluid being diſturbed, will of itſelf return to the ſame 


level, or horizontal poſition. 


Cor. 3. Hence alſo if a different fluid ABEF reſt upon the fluid 


ABCD; both the ſurface FE, and the ſurface AB that divides 
them, will lie in a level or horizontal ſituation, when at reſt. 
For if any part of the ſurface 4B be higher than the reſt, it 
will deſcend to the ſame level; and ſince FE is alſo level, and 
therefore the heights AF, BE in every place equal; the preſ- 
ſure of it on all the parts of the horizontal ſurface AB, will 
be equal. And therefore it cannot deſcend in one place more 
than another, but will continue level. Pa 


. 
* . » , ! G 4 
e re ET, n r n „„ r n e 
4 


; 
2 
1 
Y 
7 
E 
a 
8 
Y 
5 


1 


FF .. ̃ vudvbx ] . 3 te 


. 
E ENS ee Ts ot ̃ Ar CEOS ae 


* WW n 


Fs 
5 
2 
% 
Wo 
* 
oy 
7 
| 


m. FP EOS TATECS: 


Cor. 4 | "es water communicating w with two places, or any way 
— from one placc to another ; will niſe:to the ſame level in 
both places. Except ſo far as it is hindered by the friftion of the 
channel-it moves thro', or. Kane va Teel. Gree of- {anacity * 
or 2 8 | A = 
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In any fail remaining at. reſt; every part ff it, at bi ame 


. depth, is in an 72 Rate of 2 compreſſion. - 


For let the plane EF be parallel to the farface AB. Then 
ſince the height of the fluid at all the points of EF, is equal; 
therefore the weights ſtanding upon any equal parts of EF are 
equal: and 8 the: Protea all wit of EF'is "__ 
allo. | 


, Cn $36 A. fluid bring 47 reſt. the preſſure at any depeb is as- 
the. depth. 


For this 7 depends on the weight of the ſuperincum- 
bent fluid, and therefore is as its height. 


Car. 2. by any given I a fluid preſſes equally i in all direfionss. 


For (by Prop. LXXX.) as the preſſure in any place acts in 
all directions, it muſt be the ſame in all directions. For if it 


were leſs in one direction than another, the fluid would move 
that way, till the preſſure becomes equal. And then the fluid 
would be at reſt, and be equally pe in all directions. 


Cor. 3. The preſſure is equal i in every part of 4 Plane & drawn pa- 
rallel to ho borixon. 


Cor. 4. When a fluid is at reſt; id drop or particle of id 160 
equally preſſed on all ſides, by the weight of the fluid above it. 
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never ſo different in their capa-ities ; be filled with any the ſame 
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Kas HK. And therefore the preſſure at Land Fis the ſame, And 
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If 2 10 br at ref in any veſſel, whoſe baſe is parallel 1 70 the Bori- 
zon; the preſſure of the fluid upon the baſe, is as the baſe and 
perpendicular altitude of the fluid; whatever be the _ of the © 


* veſſel. 
| CasE 1. 


Let ABCD be a epligäer or priſm, then (by Cor. x. Prop. 
LXXXII.) the preſſure upon a given part of the baſe, (as a ſquare 
inch) is as the depth. And the preſfure upon the whole baſe is 
as the number of. parts; or inches, contained in it; and there- 
korg! is as the A F and N of the _ | 


_ 
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„Let tlie highs anch baſes of the veſſels ABC, DEF de equal 
to thoſe of the cylinder ABCD ; then ſince any part of the baſes 
'AB or DE is equally preſt, as an equal part of the baſe CD; 
therefore the whole preſſure upon the baſes AB or DE is equal 
to the whole preſſure upon the baſe CD. And therefore | is as 
the baſe and . height. | 


2 
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. I two veſſels ABC, DEF of equal baſe an 14 beight, tho? 


fluid , 'their baſes will ſuſtain an equal quantity of N the ſame 
as a cylinder of the ſame baſe and beig ot. | 


Cor. 2. The quantity of preſſure at any given depth, upon a given 
ſurface, is always the ſam:, whether the ſurface preſſed be parallel 
to the horizon, or perpendicular, or oblique ; or whether the fluid 
continued upwards from the compreſſed ſurface, riſes perpendicularly 
into a rectilinear direction, or creeps obliquely tbr“ crooked cavities 
and canals ; and whether theſe paſſages are regular or irregular, 
wide or narrow. And hence 


Cor. 3. If ABDCF be any veſſ 1 containing a fluid; and BL, ED, 
HFOK, and GC be perpendicular to the bcrizon, and GHAB the 
furface of the liquor ; and FL, COD parallel to AB. Then the 
preſſure at L and F is as BL or UP; at D, O and C, as ED, at 


the preſſures at D, O, C are equal. 
Cor. 


: is leſsz that i is, CD: Ce or AB : 


5 2 n ; 8 OLE RY” * =: BAY Mi. | boron 3 ako 8 hl N 4 f 6 
EE ß ae Ce TL aery OT EET IST .. YEE Eon 


Sect. I. 


A T DRO s TATIC S. 
Nee = where direBed * , 1 10 diculariy, a aint 


4. The Frelfari | 
tet how + of the vel Therefore at X it is directed 


ward, at L fideways, and at F upwards. By rep. IX. 


5. F two 222 B, CD, communicate with one another by 
the — 2 and if any ligutr de poured into one AB, it will riſe to 
the ſame height in the. 97.0 CD, and will ftand at equal heights in 
Zolb; that ts, AD will be « 4 hiri Sonia Line: 

For if the fluid Rand at vnequal hel ights, the reflute: Wake 
higher will be greater than in tlie lowE and cauſe Cit 95 move 


towards the lower. 


Cor. 6. If two different: Aids ſuſtain one another at reſt in ivo 
veſſels AB, CD, that communicate; their height above their, 1110 of 
meeting, will be reciprotally as their denfities or ſpecific gravitzes. 

Let the ffuids join at C, and take the perpendic height of 


pendicular 
C, equal to that of AB. Then if the denſities! of the =* of 
were equal they wovld ſuſtain one another at the th 


ua? hei 


Therefore that the preffure of the ter fluid may 58 
wh a$ the Jenn 


1 detifity'of CD. 


AB, Ce. 
the ſame at C, its height mult by ſo much 
denſity 0 


— FAR „„ Senor. e 
ing propoſitions may be eaſily proved 


The truth of the fo 
veral tubes open at both ends, ſome 


experimentally. Take 


ſtreight ſome crooked, with their low ends turned in all direc- 


tions, and of ſeveral fixes, regular and irregular: Put theſe 
into a veſſel of water to any depth, and the water will rife up to 
the height of the external ſurface of the water in them all. But 


this is to be underſtood of ſuch tubes as ate ſufficiently wide; 


for in capillary tubes immerſed in a veſſel of water, it riſes ſomes 
thing above the level, and that to heights reciprocally as the 
diameters, Likewiſe, if water can riſe and be ſuſpended at the 
height B in the capillary tube AB, it will be ſuſpended at the 


ſame height B, whilſt the part of the tube at B remains the ſame, 
| Whatever be the fi 


ure or wideneſs of the under part CD. And 


the aſcent and ſu penſion of water is the very ſame in vacud. 
The ſame holds for any other fluids, but different fluids riſe to 


different heights. But qu uickſilver, inſtead of aſcending in a tube, 
u 


inks in it, and has its ſurface depreſſed below the common ſor- 


face, to depths which are reciprocally as the diameters of the 
R tubes. 


129. 4 
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HYDROSTATIC S. 


e But the forces by which fluids are ee a r 
tubes come under n no bydroſtatic laws, 
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If a FARE?) 35 be immerſed i in a 2 fuid of the FIN tf ity ib 


A. it will remain at reſt in any place and in any.poſition ; but 
4 body & greater denſityuban the fluid will fink to. the bottom, and 


4 ad of uſe dens bty will riſe to the zop. . 2p 


If 5 ASE 1. 


8 * * 
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1111 the body EGF be immerled | in the Auid 1.40. Then 1 
the body is of the ſame denſity as the fluid, therefore the body 


will preſs the fluid under it, juſt as much as the ſame quantity 


of the fluid put in its place. And therefore the preſſure of the 
body, together. with that of the fluid above it, preſſes the fluid 


below as much as a column of the fluid of the ſame depth. 
Therefore the preſſure of the body at F againſt the fluid is e- 


qual to the preſſure of the fluid at F againſt the body. And 
therefore theſe two preſſures will remain in equilibrio, and the 
_ will _ at __ 


| C48 II. 
If the body i is more denſe, the. preſſure againſt the fluid un- 
derneath is greater than that of an equal quantity. of the fluid. 
Therefore the weight of the body will overcome the preſſure of 
the fluid under it, and it will ſink. But if the body be lighter, 


the preſſure of the fluid will overcome the weight of the body, | 


and it will riſe to the top. 


Cor. 1. If ſeveral fluids of di ifferent denſities be mixt cbr in the 


| ſame veſſel, the beavieſt will get to the loweſt place, and the lighteſt 
to the top; and thoſe of a mean denſity to the middle. And in any 


bodies whatever the heavieſt will be the loweſt. 


Cor. 2. Hence bodies placed in fuld have a —— gravity, the 


one true and abſolute, the other apparent or relative. Abſolute 
gravity is the force with which bodies tend downward; by this all 


| forty of fluid bodies gravitate in their proper places, and their weight 


taken 
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Sect. IX. HYDROSTATICS 
taken together compoſe the weight of the whole, for the whole is 
| heavy as may be experienced in veſſels full of liquor. 

Relative gravity is the exceſs of 1he gravity ef the body above that 
of the fluid. By this kind of gravity fluids do not gravitate in their 
proper places; that is, they do not preponderate, but bindering one 
another's deſcent, remain in their proper places as if they were not 
heavy. | . | # 8 : | 
Cor. 3. Hence an irregular body, or one that is heterogeneous, de- 
ſcending in a fluid, or if it move in any direfion, and a line be drawn 


the body will ſo diſpoſe itſelf as to move in that line; and that rhe 
center of gravily will go foremoſt and the center of magnitude behind. 
For there being more matter and leſs ſurface near the center of 
oravity, that part will be leſs reſiſted than near the center of 
magnitude; therefore the center of magnitude will be more re- 
tarded than the center of gravity, and will be left behind. 


Cor. 4. Hence no body can be at reſt within a fluid, unleſs it be of 
_ the ſame ſpecific gravity as the fluid, 
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SCHOL. 


What is here ſaid of bodies of greater denſity ſinking in a 
fluid, muſt be underſtood of ſuch as are ſolid. For if a body be 
hollow it may ſwim in a fluid of leſs denſity. Bur if the hollows 
or cavities be filled with the fluid, it will then fink. Likewiſe 
bodies of greater ſpecific gravity being reduced to extremely 
ſmall particles, may then be ſuſpended in the fluid. But the 
—_ by which this is done belong not to any laws of hydro- 

atics, | | 


PROP. LXXXV. 


Bedies immerſed in a fluid and ſuſpended in it, loſe the weight of an 
| egual bulk of the fluid. 1 


For (by the laſt Prop.) if the body EF be of the ſame den- 
fity as the fluid it loſes all its weight, and neither endeavours 
to aſcend or deſcend. Therefore, if it be lighter or heavier it 

g R 2 | only 


connecting the center of gravity and center of mapnitnae of the body, 
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both before and after emerſion. . 


HY DROSGTAT ICS. 
only endeavours to aſcend or deſcend with the difference of the 
weights of the body and the fluid; and has therefore loſt the 
weight of as much of the fluid. „ 


. fluid acquires the weight which the body loſes. 
For the ſym of the weights of the ſolid and fluid is the ſame, 


Cor. 2. All bodies of equal magnitude immerſed in a fluid boſe equal 
weights, and unequal bodies loſe weights proportional to their bulks. 


Cor. 3. The weights loſt by immerging one and the fame body in 
different fluids are as the denſities of the fluids, or as their ſpecific 


gravitles. 


Cor. 4. Hence alſo, if two bodies of unequal bulks be in equilibrio 


in one fluid, they will loſe their equilibrium in another fluid of diffe- 


rent denſity. 
SCHOL. 
Since a body immerſed in a fluid loſes ſo much weight as that 
of an equal quantity of the fluid, therefore it tends downwards 


only with the difference of theſe weights; and this is the relative 
gravity of the body in the fluid. But if the body is ſpecifically 


_ lighter than the fluid, it ſeems to loſe more weight than it has, 


and hence the body will tend upwards with the difference of 
theſe weights. And this is the relative levity of the body in 
the fluid; ſuch as we fee in feathers or ſmoke in the air, or cork 


in water. | 


PROP. LXXXVI. 


The weight of a ſolid body floating upon a fluid is equal to the weight 
of a quantity of the fluid, as big as the immerſed part of the ſolid, 
cut off by the plane of the ſurface of the fluid. | | 


For if the body be at reſt, the preſſure of the body upon the 
fluid underneath, is juſt the ſame as the preſſure of the fluid — 


J. 


Set. X. lYVDROSTATIes. 125 
- the room of the-immerſed part. And therefore the weight of 1 0. 
one is equal to the weight of the other, ob 


Cor. 1. If the body be homogeneous, the weight or magnitude of the 
whole floating body is to the weight or magnitude of the part immerſed 
:: as the denſity or ſpecific gravity of the fluid is to the denſity or ſpe- 
cific gravity of the body. e LW 
For the denſity of the fluid: denſity of the body :: weight (of 
the fluid equal to the immerſed part, or the weight) of the whole | 
body : weight of the immerſed part.. | / 


Cor. 2. If one and the ſame body float, or ſwim upon different li- 
quids, the immerſed part in each liquid will be reciprocally as their 
denſities. And therefore a body will fink deeper in a ligbier fluid than 
in a heavier. | 


PROP. LXXXVIL 

If a floating body AR E, or ſyſtem of bodies, be at reſt in a fluid, and 
D be the center of gravity of the whole body, and C the center of 
gravity of the fluid AFB equal to the immerſed part of the body; 
then, T ſay, the line CD will be perpendicular to the horizon. 


137. 


For as C is the center of gravity of the fluid AFB, it is the 
center of all the forces or weights of the parts of the water in 
AFB, tending downwards; but becauſe the body is at reſt, the 
ſame point C is alſo the center of all the preſſures of the fluid 

_ underneath tending upwards, by which the weight of the fluid 
AFB or of the body AFBE (equal to it by Prop. laſt) is ſuſtained. 
Therefore the ſum of all the forces tending upwards to C, is 
equal and contrary to the fum of all the forces tending down- 
wards from D (by Ax. 11.) becauſe that preſſure ſuſtains the 
body. But the weight of the body tending from O is perpendi- 
_ to the horizon. Therefore CD is perpendicular to the 

orizon. 


Cor. If the whole body be as heavy or heavier than water, -and be 
emmerſed in it, the center of gravity will be ihe loweſt, and deſcend 
the foremoſt. | 5 | 


PROP. 
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7 a fluid, conf Jered without 8 be encloſed in 4 veſſel, FRM &\ 


ſtrongly compreſſed on all ſides, every pres a it will be in ibe 
.* ſame compreſſed mw 44% 


A 


For if any particle was leſs preſſed than another, the arenter” 

reſſure would move the fluid towards the leſs compreſſed part, 

till their compreſſion became every where equal; and then the 
equal San would balance one another, and remain ir reſt. 


Cor. 1. Hence any ſe 55 body as u whole parts cannot be con- 
denſed, being immerſed in a fluid encloſed in a veſſel, and ſtrongly com- 
preſſed on every fide. the body will retain its figure, and ſuffer no 


132, 


change from the compreſſion of the ambient fluid. And all its paris 


will remain at reſt among — and in the ſame cempreſſed * 
as the fluid. 


Cor. 2. The motion BY any included SIP: as E, or of any number 
of bodies, will not be at all changed by the compreſion F the Auid, 
but will remain the ſame as before. 

For the compreſſion acting every way alike, e can make no al- 
teration in the motion of boches. 


Cor. 3. In an inflexible | veſſel, a fluid will not + ſuſtain a ſtronger 


preſſure on one ide than another, but will give way to any exceſs of 
preſſure in a moment of time, and be reduced to an equality of preſſure. 


5 R F. LXXXIX. 


130. L OY er any elaſtic fluid of ſmall denſi ity, be 2 a ina we veſſel, 
every part of it will be in the ſame compreſſed ſtate. 


For let ABCD be a veſſel full of encloſed air, then the air, at 
equal altitudes within the veſſel, will be in the ſame ſtate of com- 


preſſion ; and the compreſſion in the bottom of the veſſel can only 


exceed that at the top, by the weight of a column of air of the 
| height 
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Cor. 1. In like manner the. compreſſion of ibe air in any two 
places near the earth's ſurface is very nearly the ſame. 

For the difference is only the weight of a column of air, 
whoſe height 1s the difference of the heights of the two places, 


7 


which 1s very inconſiderable. 


Cor. 2. If air be compreſſed in any veſſel by the preſſure of the ex- 
ternal air, its elaſtic force is equal to the force and preſſure of the ex- 
ternal air. | A 8 
Cor. 3. The air does the ſame thing by its ſpring, as à non-elaſtic 
fluid does by its weight or preſſurr. CEO i l 

For the ſpring or elaſticity of the air is the force it exerts a- 
gainſt the force of compreſſion, and therefore muſt be equal 
tO It. . 3 „ 4 r | 


That the airis a heavy, elaſtic, compreſſible body, is confirmed 
by many experiments made for that purpoſe. Its properties 
are theſe, | | „ | 

1. The air has ſome, though a very ſmall degree of weight, 
which is ſo ſmall, that it hardly becomes ſenſible, but in the 
weight of the whole atmoſphere, or body of air encloſing the 
3 0 e 5 

2. The air is an elaſtic fluid, and capable of being condenſed 


and rarified. And when it is condenſed or forced into a leſs _ 


ſpace, its ſpring, or the force it exerts to unbend itſelf, is pro- 
portional to the force that compreſſes it. And the ſpace any 
given quantity takes up, is reciprocally as the compreſling force; 
or its elaſticity is as its denſity, 

3. All the air near the earth is in a compreſſed ſtate, by the 
welght of the atmoſphere or body of the. air above, which com- 


preſſes it. And from hence the denſity of the air grows con- 


tinually leſs, the higher it is above the ſurface of the earth. The 
* of the atmoſphere at the ſurface of the earth, is at a me- 
diu about 14 lb. averd. upon every ſquare inch. Bu at dif- 
ferent times it differs, by reaſon of winds, hot or cold weather, 
Sc. But the height of the atmoſphere is uncertain, by reaſon it 

| : | | grows 


127 
height of the veſſel A0, (by Cor. 1. Prop. LXXXII.) but the 21 c. 
weight of ſuch a column of air is inſenſible in reſpect of the 5 
external preſſure, or the preſſure of the height of the atmoſphere. 
And therefore the compreſſion; in every part of the veſſel may 
de looked, upos tobe the ſame.:;. |, 1 fo gd 


. -uyproSTATICS. 
F 1G, grows continually more rare towards the top till it vaniſhes. «+ 
The weight of the muenolphers ; is equal to t be weight c of watet | 
11 yards high. 
4 The ſoriag.or elaſticity: of Di air is IE by Fest, FA) 7 
: decreaſed by cold, ſo that if any quantity of air be eneld td i in 
a veſſel, it will have a greater ſpring or preſſure Ren heated, Wn 
and will loſe e its e r 
8 122 3 6 
„% TTTCCTT. 75a 
ns te helle gravity of dal. | | 
i Car 1. BY 
| Fit be a ſolid la Beavier than 3 PEPE it Adi firſt 
in air, and then in water, or ſome 1 50 whoſe ſpecific gravity 
you know; and. let » 
__ ' 755-1 TOs abſolute weight of the A 1 „ 
| The weight in water, &c. = - DR 
: | T he ſpecific gravity of water, &c. = C, REED 


| The ſpecific gravity of the body = D, 
Then will D = , the ſpecific gravity of the body. 


2 
CASE II. 


For 4 eld m Ihrer than water. Take any piece of metal 
and tie it to a piece of the light body, fo that the compound 
may fink in water; and putting 4, C, D, as in Caſe I. and 

E-= weight of the metal in water. 
F = weight of the compound in water. 


Then D = . the . amy of the light Body. 


Ap Em 
: CAS E III. 


For a fluid. Take a ſolid body of known ſpecific gravity, 
which will ſink in the fluid. And putting the ſame letters as in 
C aſe I Then will C = b, the ſpecific gravity of the fluid. 

Or 
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Take a body that will ſink in the fluid and alſo in water, 
and let | | | 
A = abſolute weight of the body, 
= its weight in water, 
G = its weight in the fluid, 
C = ſpecific gravity of water, 
Z = ſpecific gravity of the fluid require, 


Thes Z = 2 


% 


But for mercury, or for powders, duſt, or ſmall fragments of 
bodies, you muſt uſe a glaſs or metal bucket, oblerving to 
balance its weight both in air and water. And for bodies that 


will diſſolve in water, weigh them in oil of turpentine inſtead 
of water. When the body is weighed in the fluid, it muſt be 


ſuſpended by a horle hair, or a fine ſilk thread. Note, if the 
body and fluid be near the ſame ſpecific gravity, your work will 


be more exact. 


To demonſtrate the rules, it is evident (by Prop. LXXXV.) 
that a body weighed in water, loſes the weight of as much water. 
Therefore in Caſe I. the weight of an equal quantity of water is 


Ez. But (by Def. 11.) the ſpecific gravities are as the 


weights of equal quantities of matter; therefore A—B : A :: 


e | 


And in Caſe Il. I = weight of the light body in water, 
(which is negative when E is greater than F) and the weight of 
an equal quantity of water is 41 E or A+Z#—Þ, therefore 
(as in Cate I.) it is AEF: A:: C: D. And the rule is 
equally true, whether D be lighter or heavier than water. 


In Caſe III. fince D = =p CG, therefore c = "© D. Or 


in the other rule; A—B = weight of as much water, and - 
= weight of as much of the fluid, and the ſpecific gravities be- 
ing as the weights of equal quantities of the matter; therefore 
A—B: A:: C: . 


Cor. 1. Hence if à piece of metal, or any ſort of matter is offered, 10 
know what ſort it is of. Find its ſp-cific gravity by the rule above, 


whic' ek in he following table; aud the neareſt to it gives ihe 


name of the beay, or what kind it is of, 


S | Cor. 
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Cor. 2. And to find the ſolid content of a ſmall body heavier than 
water. Weigh it in air and water, and the difference of the weights 
reduced to grains, being divided by 256; the quotient ts the cubic 
incbes it contains. Si 

For a cubic inch of water weighs 256 grains; or a cubic foot 
weighs 761b. troy, or 62 2 Ib. averdupoiſe, which is but 254 
grains to an inch, | 


Cor. 3. Hence alſo the ſolidity of a body being known, the weight 


may be found, and the contrary. Thus, put n = 0.5275 ounces 


troy, or 0.5787 ounces averdupoiſe; and D = ſpecific gravity of the 
body by the following table. Then as x : :: ſolid content in inches 
: weight in ounces ; and one being given finds the other, | 
For the weight of a cubic inch of water is .5275 0z. troy, or 
.5787 0z. averdupoiſe. | 5 


4 TABL E of the ſpecific gravities of bodies 


+ SOLIDS. 

Fine Gold — — — — 19.648 
Standard Gold — _ — 18.88 8 
Lead — — — — 11.340 
Fine Silver — — — — 11.092 
Standard Silver — — — — 10.536 
Copper — — — — 9.000 
Copper Halfpence — — — 8.915 
Fine Braſs — — — — 8.350 
Caſt Braſs — — — — 8.100 
Steel — — — — 7.850 
Iron — — — — 7.644 
Pewter — — — — A 
Tin — — — — 7.320 
Caſt Iron — — — — — 7.000 
Lead Ore — —— — — 6.200 
Copper Ore — — _ — 6.167 
Lapis Calaminaris — — — 5 0c0 
Load - ſtone — — — — 4.930 
Crude Antimony — — — 4.000 
Diamond — — — — 3.517 
White Lead _ on — — — 3.160 
Iſland Cryſtal — — — — 2.720 


Marble 
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Pebble Stone — — — 2.700 
Coral — — — — 2.700 
22 y_ . — 2.666 
Rock Cryſtal — — — 2.650 
Fell — — — 2.630 
Glaſs — — — . 2.600 
Flint — — — — 2.570 
Onyx · ſtone — = — 2.510 
Common Stone — — — 2.300 
Glauber Salt — — 2.250 
Cryſtal = — — — 22.210 
Oyſter Shells — — — 2.092 
Brick — — — — 2.000 
Earth — — — — — 1.984 
Nitre — — — — 1.900 
Vitriol — — — — 1.880 
Alabaſter — 3 — — — 1.874 
Horn = — — — 1 840 
Ivory — — —_ — 1.520 
Brimſtone — — — — 1.800 
Chalk = — — — 1.793 
Borax — — — — 1.717 
Allum — — — — 1.714 
Clay — — — — 1.712 
Dry Bone — — — 1.660 
Humane Calculus — — — 1.542 
Sand — — — — 1.520 
Gum Arabic — — — 
Opium — — — — 1.350 
Lignum Vitæ — — — 1.327 
Coal — — — — 1.250 
Jet — — —— 1.238 
Coral — — — 1.210 
Ebony — — 1.177 
Pit ch — — — 1. 150 
Roſin — — — I. 100 
Mahogany. — — 1.063 
Amber — — — 1.040 
Brazil Wood — 1.031 
Box Wood — * — I.030 
Common WATER — — 1.000 
Bees Wax — — — 955 
Butter — . : +940 
S 2 | Logwood 
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Fo; ANN” | ee LE. ͤ ⁵ 
| _ Ice — — — 908 
Aſh (dry) wo _ — — bY 
Plumbtree (dry) — — — 82 
Elm © > + — m — — 801 
* Oak (dry) — — —— 800 
Crabtree — — — — 700 
Beech (dry) — — — 700 
, Walnut - tree (dry) — — — 650 
Cedar — — — 613 
Fir — — — — 580 r 
Cork — — — — 238 ; 
New fallen Snow _ _ — .086 
FLUIDS. 
Quickſilver — — — — 14-000 
Oil of Vitriol — — — _ 1.700 
Oil of Tartar — — — — 1.350 
Honey — — — — 1.450 
Spirit of Nitre — — — 1.315 
BY Aqua Fortis — — — 1.300 
: Treacle — m — — — — 1.290 
Aqua Regia — — — 1.234 
| Spirit of Urine — — — — 1.120 
| , Human Blood — — — 1.154 
| 7 Sack — — — — 1.033 
Urine — — — — 1.032 
Milk — — — — 1.031 
Sea Water — — — 1.030 
Serum of human Blood — —— 1.030 
Ale — — — — 1.028 
Vinegar — — — 1.026 
Tar — — — — 1.013 
WATER — — — 7 
Diſtilled Waters — — — 993 
Red Wine — — — 990 
Linſeed Oil — — — 932 
Brandy — — — 927 
Oil Olive —. — — — 913 
Spirit of Turpentine — — — 874 
Spirit of Wine — — — 866 
Oil of Turpentine — — — 810 
— — 0012 


Common Air — — 
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In this table you have the mean ſpecific gravities. For there x; 


is ſome difference in different pieces of the ſame ſort of hody, 
by reaſon of their different goodneſs, fineneſs, compactneſs, 
texture, dryneſs, being more or leſs free from mixture, &c. 
And ſometimes by a greater degree of heat or cold, which affect 
all bodies a little, from whence there will ariſe a ſenſible dif- 
ference in different parcels of the ſame ſort of matter, in almoſt 
all bodies, whether ſolid or fluid. Particularly in wood there 
is great difference, for green wood is far heavier than dry wood, 
and ſome green wood will fink in water, as elm. 


The center of preſſure of any plane ſuſtaining a fluid preſſing againſt 
it, is the ſame as the center of percuſſion, ſuppoſing the axis of 
motion to be at the interſection of this plane with the ſurface of the 
fluid. 


The center of preſſure is that point againſt which a force be- 


ing applied equal and contrary to the whole preſſure, it will juſt 
ſuſtain it, ſo as the body preſſed on, will incline to neither ſide. 

Let AF be the ſurface of the water, O the center of preſſure, 
draw AO, and parallel to AF, draw chd. Then the preſſure a- 
gainſt any ſmall part ca, is as cd and the depth of the fluid, 
that is as cd Xx Ab. And the force to turn the plane about O, 
is cd x Ab Xx 50, or cd x A Xx AO dd x Ab:. And the 
ſum of them all muſt be equal to o. Therefore 40 = 


8 _ 4 755 and therefore (by Prop. LVII.) O is the 


ſame as the center of percuſſion. 


Cor. 1. The center of preſſure, upon a plane parallel to the ho- 
7120n, or upon any plane where the preſſure is uniform, is the ſame 
as the center of gravity of that plane. 


For the preſſure acts upon every part, in the ſame manner as 
gravity does. 


Cor. 2. The quantity of preſſure upon any plane ſurface, is equal 
to that of the ſame plane, placed parallel to the borizon, - = 
| ept 
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F 1.6. depth where its center of gravity is. And the ſame is true of any © 

133. number of ſurfaces taken together. | * 

12 For the whole preſſure is as the ſum of all the 4b x cd; 
and upon the whole figure placed at the center of gravity, it 
is ABC diſtance of the center of gravity from A. But (by 
Cor. 3. Prop. XLIV.) theſe products are equal. And the ſame 
may be proved for ſeveral ſurfaces, or the ſurface of any ſolid, 
taking the center of gravity of all theſe ſurfaces, 


2 Ns 


FA : <A oo 
e 4 I 1 i * 2 


PROP. XCI.. 


To find the center of equilibrium of a body, or a ſyſtem of bodies, 
| immerſed in a fluid. ; 


The center of equilibrium is the ſame with reſpect to bodies 
immerſed in a fluid, as the center of gravity is to bodies in 
free ſpace : It is a certain point, upon which if the body or bo- 
dies be ſuſpended, they will reſt in any poſition. 5 
67. Let A,B, C be three bodies, or the quantities of matter in them; 
P, 9, r their relative gravities in the fluid; 1 abſolute gravity. 
Then pA, 9B, rC are the weights of A, B, C in the fluid. Let 
be the center of equilibrium. Then, by the ſame reaſoning as 
in Prop. XLVII. the ſum of the forces of A, B, C is PA Aa 
+ 9B x Bb + rCxCc = Gg x FA + 9B + C, the ſum of the 
forces or weights when ſituated in G. Whence 6g = 
Aa x pA+ Bb xqB+CcxrC . MAE b 
ö | > = 5 7" the diſtance of the center of equi 
1 librium from SJ, in the fluid. And if any body, as A, is lighter than 
the fluid ; then its relative gravity p will be negative. And if 
| any body is ſituated on the other ſide of the plane, its diſtance 
[ from it muſt be taken negative. 


Cor. If the body or bodies be homogeneous, the center of equili- 
brium is the ſame as the center of gravity. 


| cn. 


The relative gravity is found thus. Take the ſpecific gravity 
of the fluid from chat of the body, and divide the remainder 
by the ſpecific gravity of the body. And theſe ſpecific gravities 
are had by Prop. XC. x 

1 0 


* 
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PROP. XClII. 
If a ſyſtem of bodies oſcillate in a fluid, without reffance ; to find 
the length of an iſocronal pendulum vibrating in vacuo. 


Becauſe particles of different ſpecific gravities, placed in any 
given point, will require different times of vibrating in the fluid; 
therefore we muſt find the point where a particle of infinite den- 


ſity being placed, will vibrate in the ſame time as the ſyſtem: 


and this will be the center of oſcillation. For this particle will 
loſe nothing of its weight in the fluid; its relative gravity being 
the ſame as the abſolute. Whence the vibrations of this particle 
will be performed in the ſame time as in vacuo. 

Let A, B, C be three bodies, or their quantities of matter; 
P, q 7 their relative gravities in the fluid; i = abſolute gravity. 
Then pA, qB, rC are the weights of the bodies in the fluid. 
Let G be the center of equilibrium; and O the center of oſcil- 
lation ſought, Put q = A SA. + BXSB*+Cx $8C*. Then 
(by the ſame reaſoning, and conſtruction, as in Prop. LVIII.) 
the angular velocities which the bodies 4, B, C generate in the 
= . BAL - E, — N and the whole angu- 

7 | 


ſyſtem are, — 


e xpA+SnxqB+8dxrC 
| | s 

Likewiſe the angular velocity which the particle P, ſituated in 
O, ng the ſyſtem, is LEE = But their vi- 
brations are performed alike: therefore their angular velocities 
That is — ALS N 23 + Sd C 


Jar velocity generated by themall, is 


muſt be equal. 


4 
Sr Sg Sg 
— = f S0 = —* 
55 GEO Whlence SO IG X 
: . But (by Prop. XCII. ) 


—g&XpA+S1XqB+8d XTC | 8 5 
— Se X PA ＋ SnxqB ＋ Sd x = Sg Xx pA +4B + C 


therefore SO = r = the length of an 


| SG x pA TBC 
iſecronal pendulum, out of the fluid, 


Cor. 
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81. Cor. 1. Hence if the bodies are homogeneous, thenp=q=r; 


and SO = AxSA* LB SB*+C x SC* 
p ON 


Cor. 2. The ſyſtem makes an exceeding ſmall vibration in the 
fluid, in the ſame time that a ſimple pendulum, whoſe length 14 _ 
AX SA* + BXSB*+ Cx SC* 

SG ANB C 

For the velocity of the ſyſtem being very ſmall; the reſiſt 

ance is inconſiderable. 


» Makes a vibration in vacuo. 


Cor. 3. Hence if SA be the length of a fimple pendulum (A), vis 
brating in a fluid : then = is the length of an iſocronal pendulum 


in vacuo. | | 
For is a ſingle body, SO — e or = 


Cor. 4. And if p be negative, er the pendulum ſpecifically lighter 
than the fluid; the pendulum will turn upſide down, and vibrate 
upwards in the fluid. And the lengih of an iſocronal pendulum out 


of the fluid, will be = as be ore. 


8c H 01. 


[ The center of percuſſion is the ſame in a fluid as out of it. 
4 For there is nothing concerned in that, but the quantities of 
i | matter and velocities ; both of which are the fame in the fluid, 
} as out of the fluid. 

| The relative gravities Ps q, r are found es the Schol. of the 
laſt Prop. 


PR OP, XCIY. 


F a fluid runs thro any tube. pipe, or canal, and always fil's it; 
Th, velocity in any piace will be reciprocally as the area Us the ſecs 
tion in that place. 


Let 
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Let AB, CD be two ſections at A and C; and let the quan- 
tity of the fluid ABDC, in a very ſmall time, be tranſlated into 
the part abdc of the pipe. Draw Pp, 2 q perpendicular to AB, 


CD, or parallel to the motion of the fluid; then Pp, 2g being 


indefinitely ſmall, will be the velocities of the fluid ar P and 


9, or the ſpaces deſcribed in that ſmall part of time. Then, | 
becauſe the pipe is always full, the quantity ABDC == abdc. 


Take from both, the part 4 DC, which is common; and there 
remains ABba=CDac, that is the ſection APBx Pp=ſettion 
CDK. | ; | 


Cor. 1. The quantity of motion of the fluid in the pipe AD, as 
any ſection CD; is equal to the motion of a cylinder of that fluid, 
whoſe baſe is CD, and length the ſame with the pipe from the be- 
ginning to that ſeftion, and velocity that of the fluid at CD. Or 
the quantity of motion at CD, is as the length of the pipe to that 
ſection CD. 5 — 


For ſince the velocity in A is — 577 the motion of AB 


is T that is as Pp; and the motion of the whole, is as the 


ſum of all the Pp, or the length of the pipe, without any regard 
to the diameter AB. The cylinder, whole baſe is CD, and 
height PQ is=P2XC2D ; and its motion with velocity at C, 


is = I = P2 the length of the pipe, as before. 


Cor. 2. If water is driven through the pipe PR by ſome given 
force acting at P, and the length of the pipe PR be given; the 
quantity of water diſcharged at R, in a ſecond, or ſome given time, 
will be as the ſefion at R. | 
For if the force is given, the motion generated in a given 
time, will be given; and this motion, being as the quantity 
of water x velocity at R; therefore the quantity forced through 


R, will be reciprocally as the velocity, or directly as the ſection 
at R, by this Prop. f 


; Cor. 3. The velocity and quantity of motion, is the ſame very near 
in crooked tubes as in ſtreigbt ones; and in pipes divided into ſeveral 


brancbes , taking the ſection of all the branches as the ſeflion of 
one tube, 


T PROP. 


FIG. 


PROP. XCV. 


135. In any pipe whoſe ſection is ABCD, the fireſs or force fo ſplit any 
part of the pipe at B, is equal to half the preſſure of the fluid 
upon th: plane BD, drawn perpendicular to the curve in B, and 

of ihe ſame length as that part of the pipe. 40 


Let Ee be any ſmall part of the ſurface; draw EO perp. to 


the curve Ee. Draw En, en perp. to BO, and er perp. to EN. 


And let OE repreſent the preſſure of a particle of the fluid, 


then EOx Ee preſſure upon Ee. The force OE may be di- 
vided into the two ON, NE; of which ON tends only to ſplit 
the tube at 4, but that in direction NE is the force to ſeparate 
the parts at B. Therefore EN x Ee is the ſtreſs at B. But the 
triangles Fer, EON are ſimilar, and Eex EN=EOXer, or 
EO x Nun. Therefore the part of the preſſure on Ee, in direc- 
tion NE, from whence the ſtreſs at B ariſes, is = EO x Nn, that 
is to the preſſure upon the plane Nn. Conſequently the ſtreſs 


ariſing from the preſſure on BE is = preſſure on BN, and 


from the preſſure on BA is = preſſure on BO, And the ſtreſs 


at D by the preſſure on AD, is equal to the preflure on OD. 
Alſo we ſuppoſe the ſame forces acting in the ſemi-circle 


BCD: but theſe ſerve only to keep the forces, acting upon 


BAD, in equilibrio. 


Cor. 1. The ſtreſs on any part of a pipe full of water, ts as the 
diameter of the pipe, and the perpendicular height of the water above 
that place. And conſequently the thickneſs of the metal ought to be 


in that ratio. 


Cor. 2. In any concave ſurface, caſh, or veſſel, generated by re- 
volving round an axis, and filled with a fluid; the ſtreſs as to 
ſplitting is equal to half the preſſure upon the plane paſſing through 


21 axis. And the ſtreſs on both fides at B and D, equal to the 


<rele preſſure on that plane. 


Cer. 3. Hence the internal preſſure on any length of the pipe, is 
to the ſireſs it ſuffers as 10 ſplitting :: as 2X 3.1416, 10 1. 


Cor. 4. Hence it follows, that the fireſs, ariſing from any preſ- 


Sure, upon any part, to ſplit it longitudinally, tranſverſely, or in 
7 | | | 


— 


any 


7 : 
- 
5 
2 
5 


— 


*. 


Sect: X. HY DROSTAT ICS, K. 139 


any direction, is equal to the preſſure upon a plane, drawn perpend:- F 1G. 
cular to the line of direction. Thus the ſtreſs ariſing from the preſ 135. 
ſure on BE is = preſſure on BN. 


Cor. g. And if the pipe be flexible; it will, by the preſſure, be 
put into a cylindrical ferm; or ſuch that the ſection is a circle. 
For if BD be greater than AC, there will be a greater preſ- 
ſure in direction OA than in direction OB. And the greater 
preſſure will drive out the ſides A and C, till AC become equal 
to BD; and ACD be a circle. Befides, a circle is more ca- 
pacious than any other figure. And if a pipe be nor flexible, 
yet the preſſure of the fluid will always endeavour to put it 
into a Circular figure. | > | 


Cor. 6. And if an elaſtic compreſſed find be incloſed in a veſſe!, 
flexible, and capable of being diſtended every way; it wil! form 1tſolf = 
*nto a ſphere, for the ſame treaſon. | 


PR O P. XCVI. 


Fa cloſe flexible tube AB Full of air, be immerſed wholly or in part 13 6. 
in the water CDEF ; the force to ſplit it, in any place O, is | 
Proportional to AO, its height from A. | 
8 ; - LOU 


. For the air compreſſed at A is in equilibrio with the external 
preſſure of the water. At B and O the air is in the ſame com- 
preſſed ſtate as in A, but the external preſſure at B, is leſs by 
the weight of the column of water AB: and at any place O, 
the external preſſure is leſs than in A, by the weight of 40; 
therefore the internal preſſure at O exceeds the external, by the 
weight of the column of water 40. And the ſtreſs at O is as 
that exceſs, | | 18 % 


Cor. 1. The ſtreſs is greateſt at the top BG, and at A is nothing. 


Cor. 2. If the tube be inflexible; the fireſs will be according 10 
the ſlate of the compreſſed air within it. If the air within be the 
Jame as 1he external air at B, then the fireſs at O is as BO. If 
it be leſs then the external air, the increaſe of the ſtreſs will be 
alſo as BO; ating at the outſide. If it be of very great denſity, 


the increaſe of fireſs at O is as AO. 
T 2 "2 For 


—— —— — 
— — 
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For the preſſure within is uniform; 2 witheut, it is as the 
depth of the water. 1 ; | ' 


. XCVII. 


The quantity of a fluid flowing in any time through a hole in the 
bottom or fide of a veſſel, always kept full; is equal to a cylinder 
whoſe baſe is the area of the hole, and its length the ſpace a body 
will deſcribe in that. time, with the velocity acquired by falling 
through half the height * the liquor above the Hole. 


Let ADB be a veſſel of water, B the hole, 0 take BC=BD 
the height of the water. And let the cylinder of water BC fall 
by its weight through half DB, and it will by that fall, ac- 


quire ſuch a motion, as to paſs through DB or BC uniformly 


in the ſame time, by Cor. 3. Prop. XIV. But (by Prop. 


- EXXXIII. and Cor. 2.) the water in the orifice B is preſſed 
with the weight of a column of water, whoſe baſe is B and 


height BD or BC; therefore this preſſute is equal to the weight 
of the cylinder BC. But equal forces generate equal. motions : 
therefore the preſſure at B, will generate the ſame motion in the 


ſpouting water, as was generated by the weight of the cylinder 


of water BC. Therefore in the time of falling through half 


DB, a cylinder of water will ſpout out, whoſe length (or the 
ſpace paſſed uniformly over) is BC or BD, And in the ſame 


time repeated, another equal cylinder BC will flow out, and in 


a third part of time, a third, c. Therefore the length of the 
whole cylinder run out, will be proportional to the time, and 
conſequently the velocity of the water at B is uniform. There- 
fore 1n any time, the Jength of a cylinder of water ſpouting our, 
will be equal to the length deſcribed in that time, with the ve- 
locity acquired by falling through half DB. 


Cor. 1. Hence in the time of falling through balf DB, @ quan- 
tity cf the fluid runs out, equal to a cylinder whoſe baſe 15 the Hole; 
and length, the beight of the fluid above the bole. 


Cir. 2. The velocity in the bole B is uniform, and is equal to 
at a heavy body * by falling through half DB. 


+ 


% on 4 AI 
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Cor. 3. But at a ſmall diſtance without the bole, the ſtream is 
contracted into a leſs diameter, and its velocity increaſed ; ſo that if 
a fluid ſpout through a bole made in a thin plate of metal, it ac- 
quires a velocity nearly equal to that, which a beavy body acquires 
by falling the whole height of ihe ſtagnant fluid above the hole. 

For ſince the fluid converges from all ſides towards the cen- 


ter of the hole BF; and all the particles endeavouring to goon 


in right lines, but meeting one another at the hole, they will 
compreſs ane another. And this compreſſion being every where 


directed to the axis of the ſpouting cylinder; the parts of the 
fluid will endeavour to converge to a point, by which means 
the fluid will form itſelf into a fort of a conical figure, at ſome 
diſtance from the hole as BEGF. By this lateral compreſſion, 
the particles near the ſides of the hole are made to deſcribe 
curve lines as HE, KG; and by the direct compreſſion, the 
fluid from the hole is accelerated outwards at EG; and thus the 
ſtream will be contracted at E, in the ratio of about V to 1, 
and the velocity increaſed in the ſame ratio. 

It muſt be obſerved, however, that the particles of the fluid 
don't always move right forward; but near the edge of the 


hole, often in ſpiral lines. For no body can inſtantly change 


its courſe in an angle, but muſt do it gradually, in ſome curve 
line. | 


Cor. 4. The fluid at the ſame depth, ſpouts out nearly with the 
ſame velocity, upwards, downwards, fideways, or in any direction. 
And if it ſpout vertically, aſcends nearly to the upper ſurface of 
ihe fluid. | | » 


Cor. 5. The velocities of the fluid, ſpouting out at different depths, 
are as the ſquare, roots of the depths. 

For the velocities of falling bodies are as the ſquare roots of 

the heights. | 
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Cor. 6. Hence if * 16 v feet, D = depth of the veſſel to the 


center of the hole, F = area of the hole, all in feet, m = time in 


ſeconds. Then the quantity of water running out in the time t, by 


this Prop. will be I V, feet, or 6.128tF\/2D: ale gallons. 
JC HOKk 
There are ſeveral irregularities in ſpouting fluids, ariſing 


from the reſiſtance of the air, the friction of the tubes, the big . 
f _— = neſs 


| FIG. 
: 138. 


HY DROSTAT ICS, &c. 
neſs and ſhape of the veſſel, or of the hole, Ic. A fluid ſpouts 
fartheſt through a thin plate; if it ſpout through a tube inſtead 
of a plate, it will not ſpout ſo far; partly from the friction, 


and partly becauſe the ſtream does not converge ſo much, or 


row ſmaller.” A jet de' au ſpouts higher, if its direction be a 
little inclined from the perpendicular; becauſe the water in the 


uppermoſt part of the jet, falls down upon the lower part, and 
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ſtops its motion. We find by experience, a fluid never ſpouts 
to the full height of the water above the hole; but in ſmall | 
heights falls ſhort of it, by ſpaces, which are as the ſquares of 
the heights of the fluid. And all bodies projected upwards, 
fall ſnort of thoſe projected in vacuo, by Faces which are in 
the ſame ratio; from the reſtſtance of the air. | = 

By experiments, if the height of a reſervoir be 5 feet, a jet 
will fall an inch ſhort; and the defect will be as the ſquare of 
the height of the reſervoir, But ſmall jers fail more than in that 
proportion, from the greater reſiſtance of the air. IT, 


e. XCVIIE | Ss 

If a nitch or ſlit, fghi, in form of a parallelogram, be cut out of 

the fide of a veſſel full of water, ADE; the quantity of water 

flowing out , it, will be q the quantity flowing out of an equal 

orifice, placed at the whole depib gi, or at the baſe hi; in the 
ſame time : the veſſel being ſuppoſed to be always kept full. 


For draw the parabola gob, whoſe axis is gi, and baſe Bi, 
and ordinate 70; then fince the velocity of the fluid at any 
place 7, is as Vr, (by Cor. 5. of the laſt Prop.) that is (by 
the nature of the parabola) as the ordinate ro; therefore ro will 
repreſent the quantity diſcharged at the depth or ſection u. 
Alſo hi will repreſent the quantity diſcharged at the depth or 
baſe hi. Conſequently the ſam of all the ordinates ro, or the 
area of the parabola, will repreſent the quantity diſcharged at 
all the places 77. And the ſum of all the lines hi or vn, or the 
area of the parallelogram /gbi, will repreſent the quantity diſ- 
charged by all the ſections 7, placed as low as the baſe hi. 
But the parabola is to the. parallelogram, as + to 1. 


. 
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Cor. 1. Let 5= 164, feet. D=gi, the depth of the ft. * wag ED [ 

area of the ſlit, fhig. Then the quantity flowing out in any time | 

or number of ſeconds t, is = + Va. 8 
This follows from Cor. 6. of the laſt Prop. 


Cor. 2. The quantity of fluid diſcharged through the bole rnhi, 3 
is to the quantiiy which would be diſcharged through an equal hole 

placed as low as hi; as the parabolic ſegment robi, to the rectangle 

rnhi. © phe POS 

This appears from the reaſoning in this propoſition, - 
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: 5 De reſiſtance of fluids, their forces and actions 
1 upon bodies; the motion of ſhips, and poſition 
5 . F their ſails. CO 8 
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A body deſcending in a fluid, adds a quantity of weight to the fluid, 
equal to the reſiſtance it meets with in falling. | 


For the reſiſtance is equal to the gravity loſt by the body. 
And becauſe action and re- action are equal and contrary, the 
gravity loſt by the body, is equal to that gained by the fluid. 


Therefore the reſiſtance is equal to the gravity gained by the 
fluid. | 


Cor. 1. If a Body aſcends in a fluid; it diminiſhes the gravity of 
the fluid, by a quantity equal to the reſiſtance it meets with. 


a 1 3 Cor. 2. This increaſe of weight ariſing from the reſiſtance, is 
10 over and above the additional weight mentioned in Cor. 1. Prop. 
LXXXV. | | 


Cor. 3. If a heterogeneous body deſcend in a fluid; it will endea- 
vour to move with its center of gravity foremoſt, leaving the center 
of gravity of as much of the fluid, behind. 


For the ſide towards the center of gravity contains more 


matter, and will more eaſily make its way through the fluid; 
and be leſs retarded in it. 


PROP. 
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PRO P. c. 

I any body moves through a fluid; the reitance it meets with, is 
as the ſquare of its veloci x. 

For the reſiſtance is as the number of particles ſtruck, and the 


velocity with which one particle is ſtruck. But the number of 
particles of the fluid which are ſtruck in any time, is as the 


velocity of the body. Therefore the whole reſiſtance is as the 


ſquare of the velocity. 


Cor. 1. The reſſtances of fimilar bodies moving in any fluids, are 


the denſities of the fluids. 


For the number of particles ſtruck with the ſame velocity, are 
as the ſquares of the diameters, and the denſities of the fluids. 


Cor. 2. If two bodies 'A, B, with the ſame velocity, meet with 
the reſiſtances p and q; their velocities will be as —_— 


when they meet with equal reſiſtances. 
bbq 


For let 6 be the common velocity, then p:4b::9: 7 and 


%S velocity of A to have the reſiſtance 73 and ſince b = 
velocity of B to have the ſame reſiſtance q; therefore vel. 4: 


vel. B:: 1 1. . 
8 7 ve v1 


P-R © P.: Ch 


The center of reſiſtance of any. plane moving directly forward in a 
fluid, is the ſame as the center of gravity. 


Is) be center of reſiſtance is that point, to which if a contrary 
force be applied, it ſhall juſt ſuſtain the reſiſtance, | 
Now the feſiſtance.is equal upon all equal parts of the plane, 


and therefore the reſiſtance acts upon the plane, after the ſame 
manner 


as the 2 of their diameters, the ſquares of their velocities, and 


VV. 
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F216; manner, and with the ſame force as gravity does; therefore the : 
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RESISTANCE or FLUIDS, -: 
center of both the reſiſtance and gravity muſt be the ſame. 


Cor. 1. In any body moving through a fluid, the line of direction 
of its motion will paſs through the center of reſiſtance, and center of 
gravity of ibe body. | ET” Wes ; | N 

For if it do not, the forces ariſing from the weight and reſiſt- 
ance, will not balance one another, which will cauſe the body to 
librate or oſcillate in the fluid; till by degrees the ſituation of 
theſe two centers will fall into the line of their motion. 


Cor. 2. And for the ſame reaſon; if a globe, moving in a fluid, 


ofcillates or turns round its axis; that fide, which in ofcillating 
moves againſt the fluid, ſuffers a greater force or reſiſtance ; and 
therefore the body is driven from that part, and made to recede from 
that fide, and defleft to the other fide ; and perhaps deſcribe a curve 
line in the fluid, 55 


* 


ETOP. G. 


Tf a non-tenacious fluid, ſuch as the wind, &c. move againſt the ſail 
SA or any plane ſurface, in direction Wo; it ſhall urge it in a di- 
rection W A perpendicular to that ſurface, with a force, which is 
as the ſquare of the velocity, the ſquare of the ſine of the angle of 
incidence, the magnitude of the ſail, and the denſity of the fluid. 


Draw VA, AC perpendicular to SA, W; and the force of the 
fluid upon SA, is as the force of one particle, and the number 
of them falling on SA. gs 

But (by Cor. 1. Prop. IX.) the force of one particle is as its 
velocity x S. incidence VSA. „„ 

And the number of them (ſuppoſing the denſity to be given) 
is as their velocity x CA, or (ſuppoſing the ſail SA given) as the 
velocity x S. NAI. | ES 

Therefore the force of the fluid upon the fail SA, is as the 
{quare of the velocity, and the ſquare of the ſine of VSA. 

Increaſe the denfity of the fluid, and the magnitude of the 
ſail, in any ratio; and its evident the force of the fluid againſt 
the ſale, will be increaſed in the ſame ratio. 


Cer, 
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Cor. 1. And if a thin body move in a fluid at reſt; the ſame law "roy 
holds in reſpect of the refiſtance it meets with, in the direction perpen- 
dicular to its ſurface, . | 


Cor. 2. If a fluid with a given velocity move in direction WS, a- 141. - 
gainſt the ſail $A; its force to move the ſail in any given direction 
SB, is as the ſquare of the S. MSA x by the S. ASB. And if WSB 
be @ right angle, as S. MSA x + fine of twice WSA. 
For let SD, DB be perpendicular to SA, SB. Then O is the 
whole force acting at $8, and $B the force in direction SB, and 
SB is as $.SDB or ASB. And if ASB be the comp. of SA, 
then S. VSA x col. WSA is as S. twice SA, by trigenometry. - 


Cor. 3. The force of a fluid in direfion WS, to move the ſail or 
body SA in the ſame direction WS; is (ceteris paribus) as the cube 
of the fine of incidence WSA. | 


For then Voz vill be one continued ſtreigbt line. 


Cor. 4. But the force of a given ſiream of a fluid, againſt any 
fail SA, to move it perpendicular io its ſurface, is ſimply as the S. 
angle of incidence: but to move it in the ſame direction with uſelf, as 
the ſquare of the S. incidence: all things elſe remaining the ſame. 

This follows from Cor. 1. Prop. IX. and Cor. 2. of this. 


SCHOL. I. 


" If the angle VSB be given; the fluid will have the greateſt 
force poſſible againſt the ſail, to move it in direction SB; when 
its poſition is ſuch, that the ſine of the diff, of the angles 
WSA— ASB, may be + the ſine of the ſum FSB. 


| 7 
SCHOL. I. 


If the fluid be tenacious it will urge the body in the ſame direc- 140. 
tion with itſelf, and with a force which is as the fine of inci- 
dence : or univerſally, as the fine of incidence, the ſquare of the 
velocity, the magnitude of the ſail, and denſity of the fluid. 

For by reaſon of the tenacity of the fluid, the fail is ated on 
by both the forces VA, AS, which are equivalent to FS. 
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RESISTANCE or FLUIDS. | 


PROP. Cin. 


If a very thin and light body SA, plain on both ſides, be placed in 
a very denſe fluid, which moves in direction WS ; and the body can 
make little or no way thro" the fluid, but only in the direction of 
its length SA. And if the body be obliged to move parallel to itſelf 


in a given direction SD. T ſay the body will be ſo moved in the 
fluid, that its abſolute velocity will be = TD Xx velocity af 
the fluid. ; 5 . , 


Draw DT parallel to AS, and produce JS to T. Then whilſt 


a part of the fluid moves from & to T, the body will be moved 
into the line TD; and ſince SD is the direction of its motion, 


the point & will be found in D. And therefore the velocities of 
the fluid, and of the body, will be as ST to SD; that is, as 
$8.TDS or DSA, to S. SJ D or WS A. - | | 


Cor. 1. If WS the direction of the fluid, is perpendicular to SD 


143. 


the direction of the Body; then the velocity of the body SA will be - 


tan. WSA x velocity of the fluid. 


For EY E v4 — tan. Sd. radius being = 1. 
S. A&D coſ. NSA | | ; 


Cor. 2. And hence if the body SA continually turn round an axis 


parallel to WS, then the velocity of SA in direktion perpendicular 


to WS, will be as the tan. VSA x velocity of the fluid. 
For SA in this caſe will always have the ſame poſition to the 


direction of the fluid, as before. 


Cor. 3. Fa very thin body SA be obliged to move parallel to itſelf, 


through a very denſe fluid at reſt ; and if it be drawn with a given 
velocity in direction always parallel to Si. Its abſolute velocity in 


ihe Ruid, will be reciprocally as the coſ. NSA, and in direction SA. 
Draw AC perpendicular to . Then by reaſon of the den- 


ſity and reſiſtance of the fluid, the body will not be able to move 
laterally, but only in direction S4. But the velocities of the 


point S in directions M, SA are as SC to SA, or as coſ. CSA to. 


rad, 


7 * vel. in direc- 


rad. Therefore vel. in direction SA = 


tion SW. __—- 
PROP. 
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ROE. W. 


If a plane ſurface $4, moving parallel to itſelf, with velocity and 
direction SD, be adted upon by a fluid moving with velocity and 
direction WS. And if WF be drawn parallel and equal to SD; 

and FS drawn. IT ſay the fluid acts upon the plane in the angle 
FSA, with the relative velocity FS, © 5 


For complete the parallelogram SD; and let the body be 


at reſt, and the fluid move with the contrary motion DS or V; 
and then their relative motions will be the ſame as before: 
and the fluid will have the two motions FW, FD in reſpe& of 
the body SA at reſt. Therefore (by Cor. 2. Prop. VII.) the mo- 
tion compounded out of theſe is FS; which is the abſolute mo- 
tion of the fluid, ſuppoſing the body at reſt ; or the relative mo- 
tion of it, in reſoet 

on it in the angle FSA. 


Cer. If F falls in the line SA, then the fluid alis not at all upon 
the body. And if it fall on the contrary fide of it; then the fluid 
adls on the contrary fide of the body SA. be 


SCH O L. 


Tze fjuid will move with the ſurface in direction SD, with the 


greateſt force; when it has ſuch a poſition, that the ſine of the 
diff. of the angles, FSA— SD, may be the ſine of the angle 
SD. | 7 9 ! „ oy 
And when the angle }/SA is given, the fluid will have the 
greateſt force upon the ſail SA, to move it in direction SD, when 


the S. angle ASD is equal to LO x the S. of WSA. 


PROP. CV. 


Let SA be the ſail of a ſhip, SD the poſition of ber keel; SK, DK 
perpendicular to SA, SD. And if DE, DS be as the reſiſtances 
the ſhip has ahead and afide, with equal velocities ; and if DC is 

| a mean 


of the moving body; and therefore acts 
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| RESISTANCE or FLUIDS. DL 
4 mean proportional between DE and D; then _ will be the 
way of the ſhip nearly: 


For let SK perpendicular to $4 repreſent the force of the wind 
upon the ſail. The force S is reſolved into the forces SD, DK; 


Sd is the direct force, and DK the force producing her lee way. 


By! Prop. C. her reſiſtance ahead with velocity SD: reſiſt. ahead 
| with vel. DE:: SD-. DE-, 
and reſiſt. ahead with vel. DE: reſ. aſide with vel. DE:: DE: SD, 
and reſ. aſide with vel. DE : ref. aſide with vel. DC:: DE;: Dei. 
Therefore ex equo. 
Reſ. ahead with vel. SD: ref. aſide with vel. DC 2 SDi ve 


DE: DE SDK DC*:: SD DE: DC.. 


But the reſiſtances are as the forces producing chem, therefore 
SD : DK: : SD x DE: DCG DE X DR. 


Cor. 1. Let =ſhip? s reſiſtance abba R=fhip's refitance afide; 
with the ſame velocity. Then R: r :: : radius Xx cotan. ASD: tan. 


| ſquare of DSC, the leeway. 
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For let rad. 1. tan. DSK = t. Then 1:7: SD: DK = 
t Xx HD; and SD: DC or Dx DK or VtxSDxDE : 2-23 


tan. DSC = A 


Cor. 2. Hence the tangent of the lee- way, in the ſame ſhip, is as 
the ſquare root of the cotangent of the angle ASD, which the ſail 
makes with the keel. Therefore if the lee-way be known for any 
Pofetion of tbe fail, it will be known for all. | 


SCH OL. 


The lee-way of a ſhip is generally ſomething more than is 
here aſſigned ; becauſe her hull and rigging will make her drive 
a lictle to the leeward, directly from the wind. 


PROP. CVI. 


1f the wind with a given velocity, in direction IS, fall on the ſail 
$4 of a ſhip, making little or no lee-way ; it will urge the ſhip in 


direction of the keel SD, with a force, whichis as SWSA* x S. ASD. 


Draw 


sed. x. RESISTANCE or FLUIDS. 


Draw SC perpendicFulat to SA. and 2 SD. And (by Prop. 


Cll. ) the force acting upon the dall in direction SC, is as the ſquare 


of the fine of VSA. But the forces in dire cio SC and SD are 


as SC to SD, or as radius 1 to the fine of SCD or ASD. There- 


fore the fore in direction Ders. ASD * force i in dire&ion SC 
= . ASD * S. WSA. 5 85 


Cor. 1. The force acting in Aretiior DC Ema to the het, 
is as S. F. IA. * cs. ASD. 


Cor. 2. The force in direfion S D will be 3 as NA: 


X S. ASD, and the mm of the velocity of the wind, and magni- 
tude of the ſail. 


Cor. 3. The velocity of the ſhip in direction SD, i 7s as &. . SA x 


vS.ASD ASD X velocity of the wind. 
For the ſquare of the velocity of the ſhip in any b is 
as the reſiſtance in the water, or (its equal) the force of the wind 
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upon the fail in that direction; that is (by Cor. 2.) as S. SISA” 


XS. ASD, and the ſquare of the — of the wind. T he 
denſity, and ſail being given. 


Cor. 4. Let the angle WSA be given, And if SDC be a ſemicircle 
ae cited. on any given line SC; then the force in am direction SD of 


the keel, is as the cord SD; and the velocity as B. 


Cor. 5. The velocity of the ſhip to windward, is as S. NSA x 
vS.ASD x coſ. WSD. 

For draw SP perpendicular to V, and DG to SP; and the 
velocities in directions SD, GD are as SD to GD, or as radius 1 
to S. DSG: therefore the velocity i in GD = $.DSG * S. NSA X 
vVS.ASD. | 


Cor. 6. The force of the lat SA to turn the ſhip about, is as 
SIVA" x cof. ASD. 


This appears by Cor. 1, ſuppoſing the fail placed in the head 
of the ſhip, 
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PROP. CVIL 


1 4 — of any fluid as water, flows direftly againſt any ein 
ſurface; its force againſt that plane is equal to the weight of 4 
column. of the fluid, whoſe baſe is the ſettion of the ſtream; and 
its length twice the height deſcended by a falling . to ac- 
guire the velocity of the fluid. 


Let 5=16 r feet, the height deſcended by a falling n in 
1 
IF: Pre of the fluid, or the ſpace it deſcribes i in one 
ſecond. 
B=baſe of the cylinder or column of water. 
Then 25=velocity generated by gravity in falling through 9. 


Therefore (by Cor. 1. Prop. XIV.) 


41 422 — = height fallen to gain the velocity v. 
4 


41. = twice that height. Allo—B = * 0 cylinder of 
25 = 


twice that height. i 
Now the motion which the cylinder s weight will generate in 


1 ſecond, is 25 X ——5, or vvB 3 z the motion being as the 


body x by the N And the force of the fluid againſt the 
plane, is equal to the reſiſtance of the plane. And the motion 
deſtroyed in 1 ſecond by the reſiſtance of the plane, is vx Bv or 
vB; which was allo the motion generated by the weight of 


the cylinder — B, in the ſame time. But equal forces in the 
2 


ſame time generate or deitroy equal motions. Therefore the 
weight of the cylinder — 5 = force of the fluid againſt the 
2 | 5 


plane. 


Cor. 1. The force of a ſtream of water againſt any plane, is equal 
to the weight of a column of water, whoſe baſe is the ſection of 


the ſtream, and height ; or the height of the water, if it 
25 


How through a hole at the bottom of a reſervoir. 
It follows from this Prop. and * XCVII. Cor. 2. 


Cor. 2. Moreover if any part of the water lie upon the plane; 
the force will be augmented by the weight of ſo much water. 
Cor. 


Seck. X. RESISTANCE er BLUIDS. 


Cor. 3. The forces" of different fireams of water againſt any 
plane, are as their ſections and the ſquares of the velocities, 


5 4. if the plane be alſo in mation ; .the relative velocity of 
the water againſt the plane, muſt be taken inſtead of the abſolute 


velocity. 3 
SCHOL. 


A cubic foot of water contains 6.128 ale gallons, and weighs 
92 + Ib. aver. 1 3 EL, 
The denſity of water to that of air at a mean is as 850 to r. 
Sir Iſaac Newton found the refiſtance of water to that of air 
(by the oſcillations of a pendulum) to be as 446 to 1. or between 


446 and 478 to 1; or at a mean as 460 to 1. See Schol. 
Prop. XXXI. Book II. Principia. 1775 


LEMMA. 


If the quadrant EDA revolve about the radius CA, and deſcribe 
en hemiſphere ; and from all the points of its ſurface, as D, d, 
perpendiculars DB, db, be let fall upon the baſe EC. I ſay the 


ſum of all the perpendiculars BD, in the ſurface EDA, is to the 
ſum of as many radii CD; as 1 % 2. 


For take Dd infinitely ſmall, and complete the ſquare CAHN, 
and draw CH, alſo draw DFGR, dfer parallel to EC. By the 
ſimilar triangles CD, Dud; DFxXDd=CDxnd; alſo BD CF 
22 

The ſurface of the ſpherical annulus D is 3. 1416 2 DF 
d or 3. 1416 X* 20 D nd, that is (becauſe 3. 1416 20 is 
given) as xd or Ff. And the ſum of all the BD's in the annulus 
is as BD x by its ſurface, that is as BD x H, or FCx H. There- 
fore the ſum of all the BD's in the annulus is expreſſed by the 
area FfgG. And for the ſame reaſon, the ſum of as many 
radii, by FfrR. Therefore the ſum of all the BD's in the 
hemiſphere : is to the ſum of as many radii :: as the ſum of 
all the FfgG : to the ſum of all the FK :: that is as the tri- 
angle CAA: to the ſquare CAN, or as 1 to 2. 


ROF. um 


If a cylinder moves uniformly forward, in direction of its axis, in 
a juug of the ſame aenjity ;, it meets with a reſiſtance equal to 
X | 
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"RESISTANCE or FLUIDp S. 
the force which can generate its motion, in the. time it deſcribes 


 Puvice its length. 


148. Let AB be the cylinder moving from 4 towards G, and take 


FBCG equal to ASBF. And let us firſt ſuppoſe that the cylin- 
der AB, whilft it moves forward, puſhes againſt the ſeveral 


parts of the fluid, and drives them ſucceſſively before it, in di- 


rection of its axis, from the ſeveral places through which it 


paſſes. So that in equal times it moves equal quantities of the 
fluid, and communicates to them the ſame velocity that it 
moves with. It is evident that the cylinder, after it has moved 
uniformly forward, the length of its axis has removed the cy- 
linder of the fluid FBCG equal to itſelf 48BF, and has com- 
municated a motion to it equal to its own. And fince action 
and re- action are equal, the force that uniformly generated this 
motion, is equal to the uniform reſiſtance the cylinder ſuffered 


in the mean time. And therefore the reſiſtance is equal to the 


force by which its own motion can be generated, in the time it 
deſcribes its length. | | Hh 

All this is true, upon ſuppoſition that every particle of the 
fluid is driven directly forward, with the ſame velocity the cy- 
linder has. But ſince, in reality, the motion generated in the 
fluid is not directly forward, but (by Prop. LXXX.) diverges 
on all fides, and in all manner of directions CD, Cd, Sc. 
Therefore if the quadrant AE be divided into an infinite num- 
ber of equal parts, Dd, and to all the points D, 4, the radii 


CD, Ca, Sc. be drawn, repreſenting the motions of the par- 


ticles in all directions; and from any one D, the perp. DB be 
drawn on EC. Then the motion CD (C) is reſolved into 
the two motions CB, BD; of which CB does not affect the cy- 


linder; and the direct motion of the particle D is only BD, 


which is leſs than CD. Therefore the force to generate this 
motion, and conſequently the refiſtance of a particle at D (equal 
to this force) muſt be leſs than before in proportion of CD to 
BD. Therefore the forfner reſiſtance, when all the particles 
are driven directly forward; to the reſiſtance when they diverge 
on all ſides; is as the ſum of all the radii CD, drawn to every 


point of the ſurface of a ſphere, to the fum of all the corre- 


iponding fines BD; that is (by the Lem.) as 2 to 1, There- 
fore the reſiſtance the cylinder meets with now, 1s but halt the 
former reſiſtance. Conſequently, ſince the force to generate 
any motion is reciprocally as the time; the reſiſtance will be 


equal to the force that can generate its motion, in the time that 


it deſcribes twice its length. 


8 ; Cor. 
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Cor. 1. M a. cylinder moves in direftion of its abs, in 4 Hud ef 
the ſame denſity, and with the velocity acquired by failing in vacuo, 
from a beight equal to its length: it meets with a reſiſtance equal to 
its weight. . HE IS wo: £64 | 1 5 0 3 

For the force that generates its motion, in the time of its 


% 


148. 


moving twice its length (ot of falling through once its length), 


is its gravit y). 


Cor. 2. If @ cylinder moves uniformly forward in any fluid F its 


reſſſtance is to the force by which its whole. motion may be generated, 


in the time of moving twice its length ; as the denſity of the fluid, 


40 the denfity of the cylinder, - 


$ - 


For if the denſity of the fluid be increaſed in any ratio; the 


reſiſtance will be increaſed. in the ſame ratio, by 


cer. 3, The refftanes of s liel moving in any fluid, is equa 


length equal to the height. a body falls in vacuo, 40 acquire its velo- 
city. By Cor. 'F: 6 n * — «t 5 & : 4 * y 5 — a s 


. 4 „ 7 
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Cor. 4. Let $=16 + feet, B = baſe of the cylinder, v = its 


linder of that fluid, of the ſame baſe, and its. | 


velocity, or the ſpact deſcribed in i ſecond. Then its reſitance is 
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If the cylinder move in 4 Huld incloſed in a "veſſel ; inſtead 
of the abſolute velocity, the relative velocity in the fluid muſt 


be taken, in order to find the reſiſtance. And beſides, if the 


veſſel be narrow, the reſiſtance will be increaſed more or leſs, 
becauſe the fluid, being eonfined by the veſſel, cannot then 
diverge in all directions. And if it be ſo confined, that it can- 
not diverge at all, but is obliged to move directly forward 
the reſiſtance then will be double; which is the greateſt it can 
poſſibly have, or the utmoſt limit of its reſiſtance. Alſo by 
comparing the laſt Cor. with Cor. 1. Prop. CVII. it appears 


that the force of a cylinder of water againſt a plane, is double 


the reſiſtance an equal cylinder would meet with, moving in 


water with the fame velocity. And this fl not appear ſtrange, 


when we conſider, that in the Hrſt cafe the whole metion of 
the water is deſtroyed by the reſiſtance of the plane; but in the 


latter caſe, the water diverges every way from the moving cy- 


X 2 linder, 
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RESISTANCE or FLUID ST. 
linder, and does not partake of its direct motion. But if the 
water was not ſuffered to diverge, but was driven directly for- 


. ward with the motion of the cylinder ; the reſiſtance would then 
be doubled; and 8788 two caſes would become the lame. en 


LENA. 


Tn the Sub ADE revolve about the radius CA, eb generate 
an hemiſphere , and on every point B of the baſe, perpendiculars 
BO be draun. I. ſay the Jum of all the. BY. on the baſe, 15 Fo: 
the hum / as many CDi, as 1. to Ne # Ark Hot yori 

Let (Dex. CB=x, BD =. 8 then = | 
cumference of BC. Then, 


* 


8 Is —_— 


The ſum of all the 77 : to the ſum of all the 0% it n the annulus. 


B“, is as acx rr: tO209XJy 2 rrx: 008. 
And ſum of all the rr: ſum of all the yy, in the hemiſpticre, 
is as ſumyrxxBb: ſum wax Bb, on the baſe ; ns 


Or as ſum of rrxx BO: ſum of rar v B 


Or as the ſum of rrx x Bb: ſum rrx Xx Bb ſum „N B,! in the: 


| baſe... | 
4+ But the ſum. of all the EXM=ITLEIES Dc. to 1X3 


. 
+ And ſum of all the rrx Bb=" 2 . putting BÞ=r., 
+ Alſo the ſum of all the x? * 3 +4, Sc. tor 
1 Pr. 
Therefore ihe ſum of all the rr: fum of all the Y. in the 
hemiſphere; is as 2 .: 2 -A or as 4 to 4 , that is as. 2 to 1. 
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# a globe move uniformly forward in a compreſſed: infinite fluid; * 


1s reſiſtance is to the force by which its whole motion may be. 


deſtroyed or generated, in the time of deſcribing * parts of its dia- 


meter; as the denſity as the Sa to the denſity of 8 the globe, 


very nearly. 
Let the globe move in the direction CA. Draw the tangent 


DH, and BDG ae to Ca. and GH Per.“ to DH, and let 
GD 


+ See . Math. Guide, Part V. 
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Se. X. RESISTANCE or FLUIDS. 
GD be the force of a particle of the fluid againſt the baſe B, 
in direction GD: then GH will be the force acting againſt D, 
in direction DC. And this force is to the force in direction 
GD as DC to DB. Whence the force againſt B, is to the 
force againſt D, in direction GD; in a ratio compounded of 
GD to GH, and DC to DB; that is as DC“ to DB. There- 
fore the force of all the particles of the fluid againſt the baſe, 
is to their force againſt the convex ſurface ;_ as the ſum of all 
the DC, to the ſum of all the DB* on the baſe; that is (by 
the Lem.) as 2 to 1. Therefore the reſiſtance of the ſurface 
of the ſphere, is but half the reſiſtance of the baſe, or of a cy- 
linder of the ſame diameter; ' * 8 
Now the globe is to the circumſcribing cylinder as 2 to 3; 
and half of that force (which can deſtroy all the motion of this 
cylinder, whilſt it deſcribes 2 diameters) will deſtroy all its mo- 


* 
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tion, whilſt it deſcribes 4 diameters. And therefore the ſame 


force that deſtroys the cylinder's motion, in the time of moving 
4 diameters, will deſtroy the globe's motion whilſt it moves + 
of this length, or +5 of its own diameter. But (by Cor. 2. 
Prop. CVIII.) half the reſiſtance of the cylinder, that is the 
reſiſtance of the globe, is to this force; as the denſity of the 
fluid, to the denſity of the cylinder or globe. 


Cor. 1. The reſiſtance of a ſohere is bus half the reſitance of a 
cylinder, of the ſame diameter. a Sb | 


Cor. 2. The reſiſtance of a globe moving in any fluid, is equal to. 


the weight of a cylinder of that fluid, of the ſame diameter; and its 
length equal to half the height, through which a body falls in vacuo, 
to acquire the velocity of "the globe. By Cor. 3. Prop. CVIII. 
Therefore if Sg 16 feet, v velocity of a globe, or the ſpare 
it moves in 1 ſecond, D=its diameter: then its refiflance is equal 
1o the weight of a cylinder of the fluid, of the ſame diameter D, and 


ils length — And if v4 — reſtance is equal to the 
weight of an equal globe of the fluid.” 


Cor. 3. The greateſt velocity a globe can obtain, by deſcending in 
a fuid; is that which it would acquire by falling in vacuo, through 


a ſpace that is to + the diameter; as the difference between the 


= of the globe and the denſity of the fluid, is to ibe denſity of 
the fluid. : | 2 


For let G, F be the denſities of the globe and the fluid; D 


che diameter of the globe. Then. ſince a. globe is equal to a 
4 | cylinder; 
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RESISTANCE or FLUI DS.“. 
cylinder whoſe height is 1 D. Therefore the weight of * 
globe = weight of a cylinder of the fluid, whole length-is + 


in the fluid is = weight of a cylinder of the fluid, whoſe length 


1 D x . But (by Cor. 2.) the reſiſtance of the globe 


ö moving with the velocity acquired by falling in vacuo, through 


the Gee D X. 5 no <a is = weight of a cylinder of the fluid 


whoſe length i is 5 D; * 1 EF * Therefore the weight of the 
globe in the fluid is equal to the reſiſtance: and conſequently 
it cannot accelerate the globe. 


And hence if v AN — = Ds, the reſiſtance is equal jo the 
weight of the globe in the 2 | 
Cor. 4. Two. equal and homogeneous globes moving in ” refiting 


medium; will, in times that are reciprocally as the rt velocities, 


— 


deſcribe equal ſpaces ; and loſe a given part of their motions. 
For the motion loſt, in deſcribing two very ſmall equal 


ſpaces, is as the reſiſtance and time; that is (becauſe the ſpace 
is given) as the ſquare of che velocity directly and the velocity 
inverſely ; that is directly as the velocity. And ſo in deſcrib- 
ing any ſpaces, the motion Joſt will always be as the firſt mo- 
tion; and the time reciprocally as the firſt velocity. F 

Cor. 5. Two homogeneous globes, moving with equal velocities in 
a fluid; loſe equal velocities in deſcribing [paces proportional to their 
diameters. 

For the velocity loſt in each, by deſcribing two ſmall ſpaces 
proportional to the diameters ; will be as the reſiſtance and time 
directly, and the body inverſely ; that is (becauſe the reſiſtance 
is as the ſquare of the diameter, and the time as the diameter), 
as the cube of the diameter directly, and the cube of the dia- 
meter inverſely: therefore the velocity loſt is equal in both. 
And the like for any ſucceeding correſpondent parts. 


8 C H 0 L. 


The reſiſtance of fluids is of three kinds. 1. Tenacity or 
coheſion or the parts of the liquor, which is the force by which 
the particles of the fluid ſtick together, and cauſes them not to 


ſeparate eaſily z and this is the lame for all velocities, 2. Fric- 
tion 


Set. X. RESISTANCE: os FLUIDS. 


tion or attrition, where the parts of the fluid do not ſlide freely ,, Q, 


by one another; and this is as the velocity. 3. The den{ity or 
quantity of matter to be removed; and this is as the ſquare of 
the velocity. The two former kinds are very ſmall in all fluids, 
except viſcid and glutinous ones; and upon. this, account the 
foregoing theory regards only the laſt kind, And therefore 
the reſiſtance there deſcribed is the very leaſt the body can poſ- 


ſibly meet with. But ſince all fluids have ſome ſmall degree of 


friction and tenacity, they will increaſe the reſiſtance a little. 
Alſo when the velocity is very great; the compreſſion of the 
fluid ought to be ſo too, to cauſe the fluid to return with equal 
eaſe behind the moving body ; and when this does not happen, 
the reſiſtance is increaſed upon that account. For a fluid yield- 
ing to a project le, does not recede ad infinitum; but with a 
circular motion comes round to the. places which the body 
leaves. Likewiſe when bodies move in a ſtagnant. fluid near 
the ſurface; the fluid cannot dilate itſelf upwards, to give 


way to the moving body; and this will conſiderably increaſe 


the reſiſtance. Alſo if a body moves in a fluid incloſed in a 
veſſel; the relative velocity of the body in the fluid muſt be 
eſteemed its true velocity. But the reſiſtance it meets with will 
be increaſed, becauſe the fluid has not liberty to diverge every 

Way. And the ſtraiter the veſſel, the more is the reſiſtance 
increaſed ; and it may by this means be increaſed till it be near 
double; beyond which it cannot go. For all that a body. can 
do is to drive the fluid wholly before it,, without any diverging. 
So that the leaſt reſiſtance a globe can have is the ſame as is 

laid down in Cor. 2. of the laſt Prop. and the greateſt can never 


excecd the double of it; ſo that ic will always be between theſe . 


limits. If the fluid in which the body moves be elaſtic and 
ſpring from the body; the reſiſtance will be greater than if it 
was non-elaſtic. Bur theſe irregularities are not conſidered in 
the foregoing theory. | | 

There are ſome bodies that may be reckoned in a middle 
ſtate between ſolids and fluids. And in ſome of theſe the tena- 


city and friction is ſo great, as in many caſes far to exceed the | 


refſtance ariſing from their denſity only. For example, it 
appears by exptriments, that if a hard body be ſuſpended at 
ſeveral heights, and be let fall upon any ſoft ſubſtance, ſuch 
as tallow, ſoft clay, wax, ſnow, Sc. it will make pits or im- 
preſſions, which are as the heights fallen, that is as the ſquares 
of tae velocities, Likewiſe nails give way to a hammer in a 
ratio which is as the ſquare of the velocity. Comparing this 
with Schol. Prop. XIV. It appears that in theſe caſes, the 

| | reſiſtance 
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16, reſiſtance is the ſame for all velocities: which argues a very 


149. 


great de 


of tenacity. Again, bodies projected into. earth 
mixt with ſtones; the impreſſions are found to be between the 
ſimple and duplicate ratio of the velocities. Therefore in this 
caſe, the reſiſtance is in a leſs ratio than the ſimple ratio of the 
velocity: and therefore theſe ſort of bodies have both friction 
and tenacity. And in different ſorts of bodies, there is great 
difference and variety in their nature and conſtitution, 
Tenacity may be compared to the force of gravity, which is 
always the ſame; with this difference, that tenacity acts always 
contrary to the motion of the body, and when the body is at 
reſt, it is nothing. Attrition may be compared to the motion 


of a body ſtriking always a given number of particles of matter 


in a given time, with any velocity: and therefore the reſiſt- 
ance of ſuch a body will be as the velocity. 
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1 The eaſieſt 101 Bwplelt esd & communicating mo- 
tion from one thing. A to another B, is by a rope or a leaver 
AB, reaching berween the two places, or things. = 

2. Motion is communicated: from one wheel or rotfe? DC 
to another AB, by a perpetual or endleſs rope ACD, going 


once or oftner about dem: or if you will, by a chain. That 


the rope ſlip not, make k knots on it, and channels in the wheels, 
if neceſſary. 
2. Motion is communicated from one wheel ABC, to an- 
other DEF; by the teeth in the two wheels working rogether. 
Or thus, where the axis of 4 havin but one tooth ; one revo- 
lution of it anſwers to the motion only one tooth in B. 

4- Motion is communicated from one place to another, by 


one or more 8 or leavers, MB, BC, CE, EF, FH, Se. 
t 


moveable aboùt centers A, B, C, D, E, F, G; of which 
A, D, G, Se. are. 

point will be moved; for MB, BC, CE, &c. all move one 
another to the laſt, FH. 


5 Motion 2 alſo be communicated from A to B, by a 
pinion at 4, and a ſtreight ruler with teeth, which bite one 


another, 
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By help of one — motion given ; 10 produce anther ither umi 


* or acceleraied. 
RT EY - . Kos 4 *. 
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1. A wer OPS motion is ee in the wheel DEF; 1 mov- | 
ing the wheel ABC uniformly, which carries it. Alſo a uni- 


form motion is produced in wheels moving by cords, as AB, 
CD: for one — moved — moves the ther alſo 


uniformly. Ke» 1375 


2. The wheel BE may be made to move uniformly about the 


center C, by the motion of the wheel BD. On the baſe B with 
the generating circle BD,” deſcribe the epicycloidal tooth BZ. 


Then the point B of the wheel AB, „moving uniformly about the 


center A, and paſſing over the tooth BE; vill move the wheel 


BF uniformly about C. Here the acting tooth AB ought to 


be made crooked as Ab, that it touch not the end E, of the tooth 
BE, if it act on the concave ſide. Or elſe the plane of th 
wheel BD muſt be raiſed above the plane of BF, and a ragt 


made gf 5 18 beni down perpendicular ro the Plane of The 


wheel, as. , to catch the tooth BE. 

3 The leaver AB may be made to move up and down "with 
either a uniform or accelerated motion, after this mannet. "Let 
AE be a wheel whoſe axis is parallel to the leaver, and directly 


above it. Take any arch Ny, and divide it into any number of * 


equal parts at I, 2, 3» Se. through which from the. center 2 
draw Oa, Ob, Oc, Od; and make 14, 2b, 3G, 44, Sc. reſpec- 
tively equal to x, 2, 3, 4 equal parts. And through'the po ints 
N, a, b, Fc. draw the curve Nabed. Then the part NaF be being 
made of ſolid wood, and fixed to the ved, and the wheel be⸗ 


ing turned uniformly about, in the order ENA; the part NF . 


will give a Uniform motion to the leaver A, about the center 
of motion C. And you may fix as many of theſe teeth to the 
wheel as you will. 1 
Again, in. the tooth AD, if Ar, 12, 2 3 Se. be taken equal, 

and la, 2b, 2c, 44, Se. de taken equal to 1, 4, 9, 16, Cc. 
equal parts; and the curve Aabcd be drawn, and the tooth form- 
ed. Then the leaver will be moved with a uniformly accele- 


rated motion. 
The accelerated motion is proper for lifting a given weight 


at the end B, as a hammer; ; or for working a pump, by a chain 
going over the end B. 
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Sec. LTI. PRODUCING MOTION 163 
4. The leaver AB, may alſo be moved thus, by, help of a Sa 
machine GFD, moving uniformly along GD. Make HI, IF 1 58. 

right lines; and make as many ſuch teeth as you will; and theſe 
will give a uniform motion to the leaver,. 
Make the curves EFE all patabolas, equal and equi-diſtant ; 
whole vertices are at F; and their baſes meet at E, and theſe 
will make the leaver riſe and fall with an accelerated motion, 
Such parabolic teeth as theſe may be placed on a wheel, whoſe 
axis is perpendicular to the horizon. ; 
5. One wheel may move another with an acceleratiye motion 59. 
thus. On the circle or wheel EF, take Ea, ab, bc, Sc. equal 
to each other. And on the edge of the wheel BD take BI, a 
very ſmall part; and 13, 35, 57, Ce. 3, 5, 7, Sc. times Bt, 
ſuppoſe the plane of the wheel EF to be extended as far as the 
marks 1, 3, 5, 7, Cc. then turn the wheel EF, till E fall on 
a; then mark the point 1 on the plane of the wheel EF. Then 
turn EF till E comes to$; and mark the point 3 on the plane 
of the wheel EF. Likewiſe let E come to c, d, &c. and 
mark the points 5, 7, Sc. on the plane of the wheel EF; then 
E 135 7 r is the figure of the tooth of the wheel EF, which 
being uniformly moved, will move DB with an accelerative 
motion. OE 
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PROP. cxn. 
To change ihe direftion of any motion. 


I. The direction of any motion may be changed, by the leaver 160. 
of the firſt kind, for the two ends have oppoſite motions. Like- 
wiſe a bended leaver will change the direction to any other di- 
rection. | | | | 

2. The direction of motion may be changed by the help 161. 
of pulleys, with a rope going over them. Thus the direction 
- - 8 ſucceſſively into the directions BC, CD, DE, 

3. The direction may be changed by wheels, whoſe axles are 162. 
perpendicular to one another. Thus the direction AB is chang, . 
ed into the direction EF; by the wheel C, working in the crown 
wheel D. RE. | | 
4. The direction may be changed, by making the lanthorn B, 
inclined in any given angle, to be moved by the coggs of the 

= wheel 
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a 4 5 Ip 10. "wheel 4 [Here thi rongs at 15 dere ey work, at WY DE 
6 55 163. lel to the plane of the Wheel A, or perpendicular to the co * 74 
F 104. The ſame thing may be done by wheels with teeth, as C, . 


8 85 In both caſes the axles of the two wheels muſt be in one bie. : 
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P K. 0 p. cxlII. 
S To regulate any motion, or to ws t . 


165. 1. A2 motion is made uniform, by the belp of a 3 | 
AB, ſuſpended at A ard vibrating.. As the pendulum vibrates, . 
it cauſes CDE to vibrate alſo, about the axis DE. The weight: 
IT carries the wheel R, and R moves LF. Now whilſt. _ 

ERIE. pendulum vibrates towards M, a tooth. of the wheel *GP 

15 off the pallat IJ, and another catches the pallat H; and w = 

ER the pendulum returns towards N, it draws the pallat H off the 

= ' © - tooth, and another catches the pallat J; and fo on alternately. 

So that at every. vibration of .the pendulum, a tooth goes. off. 

one or other of the palats. 

166. 2. A uniform motion is effected by the pendulum CP, vibrat>. 
ing in the arch NM about the center of motion C. As the pen- 
dulum vibrates, it cauſes the piece ADE to vibrate along with it: 
about the axis of motion DE. By this motion the leaf à catches. 

HE | hold of a tooth of the horizontal wheel GF, in its going; and. 
8 the leaf 4 of another tooth, in returning. A wheel with a, 

2 | | weight is applied to the pinion E, to keep the pendulum going. 

g | 167. 3.A pendulum may alſo be applied thus for the ſame pur- 

g pole. E is a thick wheel, or rather a double wheel, whoſe- 
axis is parallel to the horizon. 5 a pendulum vibrating upon 

Eo: the axis DE, which is parallel to the planes of: the wheel FG; 

| anb two wings perpendicular to DE, and to P; 1, 1, 1 pins. 

in the rim G and 2, 2, 2. pins in therim F. Theſe pins are- 
in the planes of the wheel; but not perpendicular to the cir-- 

g eumference, but inclined in an angle of about 45 degrees, and 

the pins in one end are againſt the ſpaces in the other; 4b is pa- 
rrallel to the axis of the wheel FG, but neither. in the ſame hort- 
zontal or perpendicular plane; but almoſt the radius of the 
wheel below, and ſometfing more forward: Whilſt the pendu- 
lum P vibrates'in the arch MN, about the axis DE, the wing a 
catches hold of a tooth in the end F; and when it returns, the 
wing & catches hold. of 4 tooth in che end G. 5 hus che Pins act- 
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ing altergately againſt the wings a, & keep the pendulum go- 21 0. 
ing, by help of the weight “. | 1867. 
4. A ſteady motion is continued by applying the heavy 168. 
wheel ABC, to the machine: or the croſs bar DE loaded with 169. 
two equal weights at D and E. Or a cylinder of ſome heavy 
matter may be applied; being made to revolve about its axis. 
By theſe the force of the power, which would be loſt, is kept in 
the wheel, and is equally diſtributed in all parts of the revolution. 
Such a wheel is of great uſe in ſueh machines as act with uns- 
qual force at different times, or in different parts of a revolution. 
For: by its weight it conſtantly goes on at the ſame rate, and 
makes the motion. uniform, and every where equal. By reaſon: 
of its weight a little variation of force will not ſenſibly alter its 
motion:: and its feict: on, and the reſiſtance of the air will hinder 
it from- accelerating. If the machine ſlackens its motion, it 
will help-it. forward; if it tends to move too faſt, it will keep 
it back. 25 b . | | 
Every ſuch regulating wheel ought to be fixed upon that axis, 
where the motion is ſwifteſt. And ought to be the heavier, 
the ſlower it is deſigned to move; and the lighter, the ſwifter- 
the motion is. And in all caſes the center of motion muſt be 
in the center of gravity of the wheel. And the axis may be 
placed parallel to the horizon, as well as perpendicular to it. 
If the machine be large, and the axis of the heavy wheel 
be perpendicular to the horizon; the heavy wheel may be 
made to roll on the ground, round that axis; by putting the 
wheel upon another axis fixed in the former at right angles to 
it; and thus the weight is taken off the firſt axis. And two 
ſuch wheels may be applied on oppoſite ſides. 2 
5, Any ſwift motion may be moderated: by a fly AB, move- 150. 
able about the axis CD; This is made of thin metal; at is a 
ſpring to keep the axis and fly pretty ſtiff together. This bridles 
the rapidity of the motion of the machine, to which it is ap- 
plied, by. reaſon of its great reſiſtance in the air; and therefore 
it hinders the motion from accelerating beyond a certain degree. 
This fort of fly is uſed in:clocks, and is ſo uſeful in any motion 


that requires to ſtop, or move a contrary way. 


None of theſe regulating wheels or flies add any new power 
to the machine; but rather retard the motion by their friction 
and reſiſtance. | f 


ER. O P. 
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TYING KNOTS. 
PRO P. Cx. 
0 deſcribe ſeveral. ſorts of knats. 
As ropes are made uſe of in ſeveral ſorts of machines, and 
eſpecially aboard of ſhips ; it is proper for a mechanic to know: 


how to tye them together. Therefore I ſhall. here deſcribe ſe- 
veral ſorts of knots, not ſo much to teach how to tye them, as 


to ſhew the form they appear in, when they are tyed. For the 


171. 


172. 


173. 


174. 
175. 


176. 


177. 


178. 


179: 


180. 
181. 


194. 


193. 


method of tying them is beſt learned from thoſe that can tye 
them already. 1 | 

1. A thumb knot. This is the ſimpleſt of all; and is uſed to 
tye at the end of a rope, to hinder its opening out. Allo it is 
uſed by taylors at the end of their thread. Fo | 

2. A loop knot. This is uſed to join pieces of ropes together. 

3. A draw knot, is the ſame as the laſt; only one (or both) of 
the ends returns the ſame way back, as abc de. By pulling at 
4 the part bcd comes through, and the knot is looſed. 

4. Aring knot. This ſerves alſo to join pieces of rope together. 

5. Another knot for tying ropes together. This is made uſe 
of when any rope is often to be looſed. | | 

6. A running &not, to draw any thing cloſe. © By pulling at 


the end a, the rope is drawn through the loop &, and the part 


cd is drawn cloſe about a beam, c. 
7. Another knot, to tye any thing to a poſt ; here the end may 
be put through as oft as you will. h | | 

8. A very ſmall ænot. There is a-thumb knot made at the end 
of each piece; and the end of the other is to go through it. Thus 
the rope ac runs through the loop d, and hd through c. And 
then drawn cloſe by pulling at a and 5: if the ends e, F be drawn, 
the knot will be looſed again. ry | 

9. A fiſper's knot, or water knot, This is the ſame as the 4th, 
only the ends are to be put twice through the ring, which in 
that was but once; and then drawn cloſe. 

10. A maſhing knot for nets; and is to be drawn cloſe. | 

11. A barber's knot, or a knot for cawls of wigs. This muſt 
be drawn cloſe. 

12. A bowline knot, When this is drawn cloſe, it makes a 
2 that will not ſlip, as fig. R. This ſerves to hitch over any 
thing. | 

23. A wale knot is made with the three ſtrands of a rope, 
ſo that it cannot flip. When the rope is put through a 

1 7 hole, 


1 4 


Set, XI, TYING KNOTS. „ 
hole, this knot keeps it from flipping through, tis repre- x16, 

ſented at &, fig. 193. If the three ſtrands are wrought round 193. 

once or twice more, after the ſame manner, it is called crown- | 

ing. By this means the knot is made bigger and ſtronger. A 

thumb knot art. x, may be applied to the ſame uſe as this. 

2 the ſtrength of ropes, ſee the latter end of 
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The powers and properties of compound eier; 4 


W: forces acting within the machine ; of ſricon. 


PROP. cxv. 


In any rompounded Lakers, if Ce power and widits keep the ma» 


chine, and all its parts, in equilibrio. Then the power it to the 
weight, in the compound ratio of the power to the WS in every 
une machine, of which the whole is compoſed. © 


For let the compound machine be divided i into al its fingle 
mechanic powers; and in the firſt let the power be to the weight 
as A to B Then conſidering the weight B in the firſt, as the 
power in the ſecond, to which it is equal (by Ax. 3.) let that 
power in the ſecond machine be to the weight as B to C. 
Then ex equo, the firſt power A is to the ſecond weight C; in 
the compound ratio of 4 to B and B to C. In like manner, if 
the weight in the ſecond be taken 'for the power in the third, 
and this power be to the weight as C to D; then the firſt power 
A is to the laſt weight D, in the compound ratio of A to B, B 
to C, and C to D; and fo on thro? the whole. | 


Cor. In any machine compoſed of wheels; the pbæver is to the 
weight; in the compound ratio of the diameter of the axel where 
the weight is applied, to the diameter of that where power is ap- 
plied; and the number of teeth in the Pinion of each axis, beginning 
at the power, to the number of 1eeth in each wheel they work in, 
till you come at the weight, 

Or, inſtead of the let, you may take their diameters. 


PROP. 
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Seat. XII. POWERS or ENGINES. 


PROP. CXVI. i 
If 4 the power and weight be in equilibrio on any machine; if they 
be put in motion, the velocity of the weight will be to that of the 
power ; as the power is to the weight. 


For ſince they are in equilibrio; one of them cannot of it- 
ſelf move the other ; therefore if they be put into motion, the 
momentum or quantity of motion of the weight, will be equal 
to that of the power : and therefore their velocities will be re- 
n, as their — 


Cor. 1. Hence it follows, that if any weight is moved Ly help of 
a machine ; what is gained in power is loſt in time. 

For in whatever proportion the power is leſs than the weight; ; 
in the ſame proportion will the weight be ſlower than the power. 


Cor. 2. Hence the motion of the weight is not at all increaſed by 
any engine, or mechanical inſtrument ; only the velocity of the weight 
is ſo much diminiſbed thereby ; that the quantity of motion of the 
weight, may not exceed the quantity of motion of the power. And 
therefore it is a vain fancy for any one to think that he can move 
a great weight with a little power, and with the ſame velocity as 
with a greater power. 

For the advantage gained by the power is loſt by the velo- 
city. If any power is able to raiſe a pound with a given velo- 
city ; it is impoſſible by the help of any machine whatever, that 
the ſame power can raiſe two pounds with the ſame velocity. 
Yer it may, by help of a machine, be made to raiſe 2 pounds 
with half that velocity ; or even 1000 pounds with the thouſand 
part of the velocity. But ſtill there is no greater quantity of 
motion produced, when x000 pounds weight is moved, than 
when 1 pound : the 1000 pounds being proportionally flower. 
The power and uſe of machines conſiſts only in this, that by 
their means the velocity of the weight may be diminiſhed at 
pleaſure, ſo that a given weight may be moved wich a given 
power; or that with a given force any given reſiſtance may be 
overcome. Mechanic inſtruments being only the means where- 
by one body communicates motion to another: and not de- 
ſigned to produce a motion that had no exiſtence before. 


Z Cor. 


169 


FI G. 


POWERS or ENGINES. 


FIG. Cor. 3. Hence alſo it is plain, that à given power or quantity 


182, 


of force, applied to move a heavy body by help of a machine, can © 


produce no greater quantity of motion in that body, than if that 
force was immediately applied to the body itſelf. Nor not quite ſo 
much, by reajon of the friction and reſiſtance of the engine. And if 
the power be given, you may chnſe whether you will move a greater 
weight with a leſs velocity, or a leſs weight with a greater velo- 
city. But to do both, is utterly repugnant to the eternal laws of 
nature. : | : 


8 


PR O P. CXVIL 


F any machine CD, is to be moved by the help of leavers, wheels, 
Sc. And if the power that moves it alls intirely within the 
machine, and exerts its force againſt ſome external object B. Then 
the force applied within to move the machine, will be juſt the 
ſame as if the machine was at reſt, and the object B was to be 

moved: ſuppoſing B to be as eafily moved as the machine, 


For ſuppoſe firſt, the leaver AFB to be fixt, and to make a 
part of the machine; and let the external force acting at B, 
which is capable to move the machine, be 1. Now ſuppoſe 
the leaver AFB, moveable about F; and a force applied at A, 
ſo great, as to act at B, with the force 1. Then the action 
and re- action at B being the ſame as before, it is plain the ma- 
chine will be moved as before. But the force now acting at A, 
E = * 1; juſt the ſame as if the point F were fixt, and B 

27 : ' ; 
was to be moved. And if more leavers, or any number of 
wheels be added, the thing will ſtill be the ſame. 


Otherwiſe. 


Let the abſolute force to move the machine be I, and the 
force acting at A be 7; and let us firſt conſider it as acting out 
of the machine. Then B being fixt, is the fulcrum ; therefore 


the force acting at I. is g x f. Now if the acting force be 


conſidered in the machine, it will not be urged forward with 
all this force, for the re. action will be equal to f, the power at 
| A. 


Ve # 
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1 Therefore the abſolute force the machine is moved with, x 1 6. 


* 


WOES 27 , TAO 
fx or &., that js E x, but this is = 


| I. 
FF” 


Cor. 1. Hence if the. abſolute external force, to nove any body 
or machine, be given; and the machine is to be moved by an inter- 
nal power : that power may be found, by ſuppoſing the machine at 
reſt, and the external object B was to be removed, and to require 


the ſame abſolute force to move it. 


0 » 


For it is the {ame thing, as to the power, whether the ma- 
chine, or the external object be moved, whilſt the other is at reſt. 


Cor. 2. If the power afing within the machine be not commu- 


nicated to ſome external object, it will have no force at all to move 
the machine. And any force that both begins and ends within it, 
does nothing at all to move it. Rs 


For the power acting only againſt ſome part of the machine, 


174 


182. 


will be deſtroyed by the contrary and equal re- action. And the 


body being acted on by theſe equal and contrary forces, will not 
be moved at all. Thus if a man, fitting in the head of a 
boat, pull the ſtern towards him by a rope; the boat will not 
be moved at all out of its place, by that force. 


511 75 
PR OP. CXVIL 


To determine the friftion, and other irregularities in mechanical 
engines. | 


The propoſitions hitherto laid down, ſuppoſe all bodies per- 
fectly ſmooth, that they ſlide over one another without any 
friction, and move freely without any reſiſtance. But ſince there 
is no ſuch thing as perfect ſmoothneſs. in bodies; therefore in 
rubbing againſt one another they meet with more or leſs friction, 
according to their roughneſs ; and in moving in any medium, 
will be reſiſted according to the denſity of the medium. Even 
ropes going over pullies cannot be bended without ſome force. 

Among machines, ſome have a great deal more friction than 
others, and ſome very little. Thus a pendulum has little or 
no friction, but what ariſes from the reſiſtance of the air. But 

2 2 4 car- 


4 
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FRICTION' or ENGINES. 


716. 2 Carriage has a great deal of friction. For upon plain ground 


"© gryacer velocity, but not in — to it, except in very 


a loaded cart requires the ſtrength of ſeveral horſes to draw it 
along; and all or moſt of this force is owing to its friction. 
All compounded machines have a great deal of friction, and 
ſo much the more, as they conſiſt of more parts that rub againſt 
one another. And there is gteat variety in ſeveral ſorts of bo- 
gies, as to the quantity of friction they have, and even in the 
ſame bodies under different circumſtances : upon which axcount 
it will be impoſſible to give any ſtanding” rules, by which its 
quantity can be exactly determined. All we can do is to lay 
down ſuch particular rules, as have been deduced from experi- 
ments made upon particular bodies; which rules will require 


ſome variation under different eircumſtances; according to the 
ao, 7 and experience of the artiſt. 


Wood and all metals when oiled or greaſed have nearly 


ile ſame friction. And the ſmoother they are, the leſs friction 


they have. Yet metals may be ſo far poliſhed as to Increafe 


friction, by the coheſion of their parts. 
Wood ſlides eaſier upon the ground in wet weather than in 


diy; and caſjer than iron in dry weather, But iron ſlides ea- 


fier than wood in wet weather. Lead makes a great deal of 


reſiſtance, Iron or ſteel running in braſs, makes the leait fric- 
tion of any. In wood acting againſt wood, greaſe makes the 


motion twice as eaſy, or rathar 2 3. eaſier. Wheel naves greaſed 
or tarr*d, go 4 times eaſier than when wet. 

| Metals oiled make the friction leſs than when poliſhed, and 
twice as little as when unpoliſhed. | 
In general, the ſofter or rougher the bodies, the greater is 


their friction. 
2. As to particular caſes : a cubic piece of ſoft wood of eight 


pound weight, moving upon a ſmooth plane of ſoft wood, at 


the rate of three feet per ſecond ; its friction is about + hy 
weight of it. But if it be rough, the friction is little leſs than 
half the weight, 

Upon the fame ſuppoſition, other ſoft wood upon ſoft wood 
very ſmooth ; the friction is about + the weight. 

Soft wood upon hard, or hard en ſoft, or 4 the weight. 

Hard wood upon hard wood, or x the weight, 

Poliſhed ſteel moving on ſteel] or pewter, 5 the weight : 
moving on copper or lead, z the weight: on brals 3 the weight. 
Metals of the ſame fort have more friction than different ſorts. 
Ihe friction, ceteris paribus, increaſes with the weight, al- 
moſt in the ſame proportion. The friction is alſo greater with 


few 
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few caſes. A greater ſurface alſo cauſes ſomething more fric- 
tion, with the ſame weight and velocity. Yet: friction may 


ſometimes be increaſed, by having too little ſurface to move on: 


as upon clay, Sc. where the body ſinks. | 
3. The friction ariſing from the bending of ropes about ma- 
chines, differs according to their ſtiffneſs, the temper of the 
weather, degree of flexibility, Cc. but, ceteris paribus, the force 
or difficulty of bending a rope, is as the ſquare of the diameter 


of the rope, and its tenſion, directly; and the diameter of the 


cylinder, or pulley, it goes about, reciprocally. 
A rope of 1 inch diameter, whoſe tenſion, or weight draw- 


ing it, is 5Ib. going over a pulley 3 inches diameter; requires 


a force of 11b. to bend it. | | | 

4. The reſiſtance of a plane moving through a fluid, is as 
the ſquare of the velocity: and (putting v=velocity in feet, in 
a ſecond) it is equal to the weight of a column of the fluid, 


whoſe baſe is the plane, and height. And in a globe it is 
© 


but half ſo much. 

5. The friction of a fluid running through a tube is as the 
velocity and diameter of the tube. 

But the friction is greater in reſpect to the quantity of the 
fluid, in ſmall tubes, than in large ones; and that reciprocally 
as their diameters, But the abſolute quantity of the friction in 
tubes, is but very ſmall, except the velocity be very great, and 
the tube very long. | 

But if a pipe be divided into ſeveral leſſer ones, whoſe num- 
ber is 1; the reſiſtance ariſing from the friction will be increaſed 
as Vn. For the area of the ſection of any one pipe, will be 

I 


2 and the friction, being as the circumference, will be as 


; and therefore the friction in all of them, will be , 
n | | | Vn 
or as Vn. | 


6. As to the mechanic powers. The ſingle leaver makes no 
reſiſtance by friction. But if by the motion of the leaver in 
lifting, the fulcrum or place of ſupport be changed further 
from the weight; the power will be decreaſed thereby. 

7. Ia any wheel of a machine, running upon an axis ; the 
friction on the axis is as the weight upon it, the diameter of 


— _ and the angular velocity. This ſort of friction 1s bur 
ſmall, 


8. In 
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FRICTION or ENGINES. 
8. In the pulley, if p, q be two weights, and g the greater; 
and if / = ., then is the weight upon the axis of the 
f , 1 : 


ſingle pulley. + it is not increaſed by the acceleration of 
the weight q, but remains always the ſame. 
The friction of the pulley is very conſiderable, when the 
ſheaves rub againſt the blocks; and by the wearing of the holes 
and axles. TTL = 
The friction on the axis of the pulley is as the weight V, its 
angular velocity, the diameter of the axis directly, and the dia- 
meter of the pulley inverſely. A power of 1001Ib. with the ad- 
dition of 550 lb. will but draw up 500 lb. with a tackle of 5. 
And 151b. over a ſingle pulley will draw up only 141b. 
In the ſcrew there is a great deal of friction. Thoſe with 
ſharp threads have more friction than thoſe with ſquare threads. 
And endleſs ſcrews have more than either. Screws with a 
ſquare thread raiſe a weight with more eaſe than thoſe with a 


| ſharp thread. 


In the common ſcrew, the friction is ſo great, that it will ſuſ- 
tain the weight in any polition given, when the power is taken 
off. And therefore the friction is at leaſt equal to the power. 
From whence it will follow, that in the ſcrew. 

The power muſt be to the weight or reſiſtance; at leaſt as 
twice the perpendicular height of a thread, to the circumference 
deſcribed by one revolution of the power; if it be able to 
raiſe the weight, or only ſuſtain it. This friction of the {crew 
is of great ule, as it ſerves to keep the weight in any given po- 
ſition. | 8 

10. In the wedge, the friction is at leaſt equal to the power, 
as it retains any poſition it is driven into. Therefore in the 
wedge, | . 

The power muſt be to the weight; at leaſt as the baſe to 
the height; to overcome any reſiſtance. | 

11. To find the friction of any engine, begin at the power, 
and conſider the velocity and the weight at the firſt rubbing 
part; and eſtimate its quantity of friction, by ſome of the fore- 
going articles. Then proceed to the next rubbing part, and 
do the ſame for it. And fo on through the whole. 

And note, ſomething more 1s to be allowed for increaſe of 
friftiop, by every new addition to the power, 


Cor. Hence will appear the difficulty, or rather impoſſibility of a 
perpetual motion; or ſuch a motion as is to continue the ſame for 


ji 
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ever, or at leaſt as long as the materials will laſt, that compoſe the £16. 


moving machine. 5 5 

For ſuch a motion as this ought continually to return undi- 
miniſhed, notwithſtanding any reſiſtance it meets with, which 
is impoſſible. For although any body once put into motion, 
and moving freely without any reſiſtance, or any external re- 
tarding force acting upon it, would for ever retain that motion. 
Vet in fact we are certain, that no body or machine can move 
at all, without ſome degree of friftion and reſiſtance. And 
therefore it muſt follow, that from the reſiſtance of the medium, 
and the friction of the parts of the machine upon one another, 
its motion will gradually decay, till at laſt all the motion is de- 
ſtroyed, and the machine is at reſt. Nor can this be otherwiſe, 
except ſome new active force, equal to all its reſiſtance, adds a 
new motion to it. But that cannot be from the body or ma- 


chine itſelf ; for then the body would move itſelf, or be the 


cauſe of its own motion, which is abſurd, 


P R O P. CXIX. 


To contrive a proper machine that ſhall move a given weight with 
a given power; or with a given quantily of force, Mall overcome 
any other given reſiſtance. | 


If the given power is not able to overcome the given reſiſt- 
ance, when directly applied, that is, when the power applied is 
le!s than the weight or reſiſtance given; then the thing is to be 
performed by the help of a machine made with /cavers, wheels, 
pullies, ſcrews, &c. So adjuſted, that when the weight and 
power are put in motion on the machine; the velocity of the 
power may be at leaſt ſo much greater than that of the weight; 
as the weight and friction of the machine taken together, is 
greater than the power, For on this principle depends the me- 
chaniſm or contrivance of mechanical engines, uſed to draw or 
raiſe heavy bodies, or overcome any other force. The whole de- 
ſign of theſe being to give ſuch a velocity to the power in reſpect 
of the weight; as that the momentum of the power may exceed 
the momentum of the weight. For if machines are ſo con- 


trived, that the velocities of the agent and reſiſtant are recipro- | 


cally as their forces, the agent will juſt ſuſtain the reſiſtant : but 


with a greater degree of velocity will overcome it. So that if 


the 
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trition of contiguous bodies, as they ſlide by one another, or 


friction taken together, is to the power; then your machine will 


power any further: for that would not only be a needleſs ex- 


as a ſpring, &c. or a natural power, as wind, water, fire, 


\ 


INVENTION or MACHINES. 
the exceſs of velocity in the power is ſo great, as to overcome 
all that reſiſtance which commonly ariſes from the friction or at- 


from the coheſion of bodies that are to be ſeparated, or from 
the weights of bodies to be raiſed. The excels of the force re- 
maining, after all theſe reſiſtances are overcome, will produce 
an acceleration of motion proportional thereto, as well in the 
parts of the machine, as in the reſiſting body. Now how a ma- 
chine may be contrived to perform this ro the beſt advantage, 
will appear from the following rules. | 
1. Having aſſigned the proportion of your power and the weight 
to be raiſed: the next thing is to conſider how to combineleavers, 
wheels, pulleys, &c. ſo that working together they may be able to 
give a velocity to the power, which ſhall be to that of the weight, 
ſomething greater than in the proportion of the weight to the 
power. This done, you muſt eſtimate your quantity of friction, 
by. the laſt Prop. and if the velocity of the power be to that of 
the weight, ſtill in a greater proportion, than the weight and 


be able to raiſe the weight. And note, this proportion muſt 
be ſo much greater, as you would have your engine work 
faſter. | | | | 

2. But the proportion of the velocity of the power and weight, 
muſt not be made too great neither. For it is a fault to give 
a machine too much power, as well as too little. For if the 
power can raiſe the weight, and overcome the reſiſtance, and 
the engine perform its proper effect in a convenient time, and 
works well, it is ſufficient for the end propoſed. And it is in 
vain to make more additions to the engine, to increaſe the 


pence, but the engine would loſe time in working. 
3. As to the power applied to work the engine, it may be 
either a living power, as men, horſes, Sc. or an artificial power, 


weights, Sc. 

When the quantity of the power is known; it matters not 
as to the effect, what kind of power it is. For the ſame quan- 
tity of any ſort will produce the ſame effect. And different 
ſorts of powers, may be applied in an equal quantity, a great 
variety of ways. | 

The moſt eaſy power applied to a machine is weight, if it be 
capable of effecting the thing deſigned. If not, then wind, wa- 
ter, Sc. if that can conveniently be had, and without much 
expence. 

A ſpring 
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A ſpring is alſo a convenient moving power for ſeveral ma- 
chines; but it never acts equally as a weight does; but is ſtronger 
when much bent, than when but a little bent, and that in pro- 

ion to the degree of bending, or the diſtance it is forced to. 
ut ſprings grow weaker by often bending, or remaining long 


bent; yet they recover part of their ſtrength by lying unbent. 


The natural powers, wind and water, may be applied with 
vaſt advantage to the working of great engines, when managed 
with ſkill and judgment. The due application of theſe has much 
abridged the labours of men; for there is ſcarce any labour 
to be performed, but an ingenious artificer can tell how to ap- 
ply theſe powers to execute his deſign, and anſwer his purpoſe. 
For any conſtant motion being given, it may by a due appli- 
cation be made to produce any other motions we deſire. There- 
fore theſe powets are the moſt eaſy and uſeful, and of the 
greateſt benefit to mankind. Beſides, they coſt nothing, nor 
require any repetition or renewing, like a weight or a ſpring, 
which require to be wound up. When theſe cannot be had, or 
cannot ſerve our end, we have recourſe to ſome living power, 
as men, horſes, &c. | | 

4. Men may apply their ſtrengtlr ſeveral ways, in working a 
machine, A man of ordinary ſtrength turning a roller by the 
handle, can act for a whole day againſt a reſiſtance equal to golb. 
weight; and if he works 10 hours in a day, he will raiſe a 
weight of 3o'lb. 3: feet in a ſecond; or if the weight be 
greater, he will raiſe it ſo much leſs in proportion. But a 
man may act, for a ſmall time, againſt a reſiſtance of 50 lb. or 
more. | f 

If two men work at a windleſs, or roller, they can more eaſily 
draw up 7olb. than one man can golb. provided the elbow of 
one of the handles be at right angles to that of the other. And 
with a fly, or heavy wheel applied to it a man may do + part 
more work; and for a little while act with a force, or over- 
come a continual reſiſtance of 80 lb. and work a whole day when 
the reſiſtance is but 4olb. | 

Men uſed to carrying, ſuch as porters, will carry, ſome 1501b. 
others 200 or 2501b. according to their ſtrength. 

A man can draw about 70 or 80lb. horizontally ; for he can 
but apply about half his weight. | 
If the weight of a man be 1401b. he can act with no greater 
a force in thruſting horizontally, at the height of his ſhoulders, 
than 27 lb. | | 3 

As to horſes. A horſe is, generally ſpeaking, as ſtrong as 3 


men. A horſe will carry 240 or 270 lb. 
| Aa A horſe 
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ſervice; yet it is of great uſe when compounded with others. 


INVENTION or MACHINES: Hoe - 


A horſe draws to greateſt; advantage, when the line of Mae; 
tion is a little elevated above the horizon, and the power acts 
againſt his breaſt. And can draw 200 lb. for eight hours in a 
day at 25 miles an hour. If he draw 240 Ib. he can work but 
ſix hours, and not go quite ſo faſt. And in both caſes, if he 
carries ſome weight, he will draw. better than if he carried 
none. And this is the weight a horſe i is ſuppoſed to be able to 
draw over a pulley out of a way: Ina . Schere may draw 
1000 lb, "iv; 
The moſt force a horſe can exert is, when be draws. ſome: 
thing above a horizontal poſition,  - 
The worſt way of applying the ſtrength os a horſe, is to make | 
him carry or draw up hill. And three men in a ſteep hill, carry: 
ing each 100 1b. will climb up. faſter than a horſe with goo Ib. 
Though a horſe may draw. in a round walk of 18 feet diame- 
ter; yet ſuch a walk ſhould not be leſs than 25 or 30 ert dia- 
„ 
Every machine ought to be made of as few parts, and 
thoſe as ſimple as poſſible, to anſwer its purpoſe; not only be- 
caule the expence of making and repairing will be leſs, but it 
will alſo be leſs liable to any diſorder. And it fis needleſs to-do 
a thing with many, which may be done with fewer parts. 
6. If a weight is to be rdiſed but a very little way, the leaver 
is the molt ſimple, eaſy, and ready machine. Or if the weight 
be very great, the common ſcre is moſt proper. But if the 
weight is to be raiſed a great way, the wheel and axle is a proper 
power, and blocks and pullies are eaſter ſtill; and the ſame 
moy be done by help of the perpetual ſcrew. | 
Great wheels to be wrought by men or cattle, are of moſt uſe 
and convenience, when their axles are perpendicular to the hori- 
z0n; bur if by water, Sc. then it is beſt to have their axles ho- 
rizontal. 7 
7. As to the combination of G imple machines together, 40 
make a compound one. Though the leaver when ſimple, can- 
not raiſe a weight to any great height; and in this caſe is of little 


Thus the ſpokes of a great wheel are all leavers perpetually act- 
ing; and a beam fixed to the axis to draw the wheel about by 
men or horſes, is a leaver. The leaver alſo may be combined 
with the ſcrew, but not conveniently with pulſies or with the 
wedge. The wheel and axle is combined with great advantage 
with pullies. The ſcrew is not well combined with pullies; 
but the perpetual ſcrew combined with the wheel, is very ſer- 
viele. The wedge cannot be combined with any other 2 

| chanical 
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chanical power; and it only performs its effect by-percuſſion; x 1 6, 
but this force! of percuſſion may be increaſed by engines. 

Pullies may be combined with pullies, and wheels with 
wheels. Therefore if any ſingle wheel would be too large, and 
take up too much room, it may be divided into two or three 
more wheels and trundles, or wheels and pinions, as in clock- 
"rm ; ſo as to have the ſame power, and perform the ſame | 
effect. | 15 e ' 

In wheels with teeth, the number of teeth that play toge- 
ther in two wheels, ought to be prime to each other, that the 
ſame teeth may not meet atevery revolution. For when differ- 
ent teeth meet, they by degrees wear themſelves into a proper 
figure, Therefore they ſhould be contrived, that the ſame teeth 
meet as ſeldom as poſſible.: of, fig 

8. The ſtrength of every part of the machine ought to be 
made proportional to the ſtreſs it is to bear. And therefore let 
every leaver be made ſo much ſtronger, as its length and the 
weight it is to ſupport is greater. And let its ſtrength dimi- 
niſh proportionally from the fulcrum, or point where the greateſt 
ſtreſs is, to each end. The axles of wheels and pullies muſt be | 
ſo much ſtronger, as they are to bear greater weight. The teeth | | | 
of wheels, and the wheels themſelves, which act with greater | ; 
force, muſt be proportionally ſtronger. And in any combina» 

tion of wheels and axles, make their ſtrength diminiſh gradually 
from the weight to the power, ſo that the ſtrength of every 
part be reciprocally as the velocity it has. The ſtrength of ropes 
muſt be according to their tenſion, and that is as the ſquares of 
their diameters, (ſee the end of Sect. VIII.) And in general 
whatever parts a machine is compoſed of, the ſtrength of every 
particular part of it muſt be adjuſted to the ſtreſs upon it, ac- 
cording to Sect. VIII. Therefore in ſquare beams the cubes - 
of the diameters muſt be made proportional to the ſtreſs they 
bear. And let no part be ſtronger or bigger than is neceſſary for 
the ſtreſs upon it: not only for the eaſe and well-going of the 
machine, but for the diminiſhing the friction. For all ſuperflu- 
ous matter in any part of it, is nothing but a dead weight upon 
the machine, and ſerves ſor nothing, but to clog its motion. 
And he is by no means a perfect mechanic, that does not only 
adjuſt the ſtrength to the ſtreſs, but alſo contrive all the parts to 
laſt equally well, that the whole machine may fail together. 

9. To avoid friction as much as poſſible, the machine ought 
not to have any unneceſſary motions, or uſeleſs parts; for a 
multiplicity of parts, by their weight and motion, increaſe the 
friction. The diameters of the wheels and pullies ought to be 

„ large, 
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large, and the diameters of the arbors or ſpindles they run on, 
as ſmall as can be conſiſtent with their ſtrength. All ropes | 
and cords muſt be as pliable as poſſible, and for that end are 
rubbed with tar or greaſe; the teeth of wheels muſt be made to 
fit and fill vp the opens; and cut in the form of epicycloids. 
All the axles, where the motion is, and all teeth where they 
work, and all parts that in working rub upon one another, 
muſt be made ſmooth: and when the machine goes, muſt be 
oiled or greaſed. If a joint is to go pretty ſtiff and ſteady, rub 
a little greaſe upon it. 4 N 5 


The axis a of a wheel, may have its friction diminiſhed, by 


cauſing it to run on two rollers, B, C, turning round with it, 
upon two centers. | 
Likewiſe inſtead of the teeth of wheels, one may place little 
wheels as A; B, running upon an axis in its center. And this 
will take away almoſt all the friction of the teeth. And in lan- 
terns or trundles, the rounds may be made to turn about, in- 
ſtead of being fixed. | = 
In all machines with wheels, the axes or ſpindles ought not 
to ſhake, which they will do, if they be too ſhort. And their 
ends ought juſt to fill their holes. | 5 
When the teeth of a wheel are much worn away, it makes 
that wheel move irregularly about, increaſes the friction, and 
requires more force; and may cauſe the teeth of two wheels to 
run foul upon one another, and to ſtop their motion, and endan- 
ger breaking the teeth. To prevent this, proper care ſhould be 
taken to drels the teeth, and keep them to their proper figure. 
10. When any motion is to be long continued; contrive 
the power to move or act always one way, if it can be done, 
For this is better and eaſier performed than when the motion is 
interrupted, and the power is forced to move firſt one way, and 
then another. Becauſe every new change of motion requires a 
new additional force to effect it. Beſides, a body in motion 
cannot ſuddenly receive a contrary motion, without great vio- 
lence. And the moving any part of the machine contrary ways 
by turns, with ſudden jerks, tends only to ſhake the machine to 
pieces. | 5 
11. In a machine that moves always one way, endeavour 
to have the motion uniform. Some methods of doing this may 
be ſeen in Prop. CXIII. and if one uniform motion be required 
to produce a motion either uniform or accelerated, ſome light 
may be had from Prop. CXI. Likewiſe how to communicate 
motion, conſult Prop. CX. And to change the direction, fee 
Prop. CXII. 


12. But 
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12. But when the nature of the ching requires that a motion z 1 0. 


is to be ſuddenly communicated to a body, or ſuddenly. ſtopt : 
to prevent any damage or violence to the engine, by a ſudden 
jolt ; let the force act againſt ſome ſpring, or beam of wood. 
which may ſupply the place of a ſpring. 


13. In regard to the ſize of the machine; let it be made as 


large as it can conveniently. The greater the machine, the 
exacter it will work, and perform all its motions the better. 
For there will always be ſome errors in the making, as well as 
in the materials; and conſequently in the working of the ma- 
chine. The reſiſtance of the medium in ſome machines has a 
ſenſible effect. But all theſe mechanical errors bear a leſs pro- 
portion to the motion of the machine, in great machines than 
in little ones, being nearly reciprocally as their diameters; ſup- 
poſing they are made of the ſame matter, and with the ſame 
accuracy, and are equally well finiſhed, Therefore in a ſmall 
machine they are more ſenſible; but in a great one almoſt 
vaniſh, Therefore great machines will anſwer better than 
ſmaller, in all reſpects, except in ſtrength; for the greater the 
machine the weaker it is, and leſs able to reſiſt any violence. 
14. For engines that go by water, it is neceſſary to meaſure 


the velocity and force of the water. To get the velocity, drop 


in pieces of ſticks, Fc. and obſerve how far they are carried in 
a ſecond, or any given time. 

But if it flow through a hole in a reſervoir or ſtanding re- 
ceptacle of water. The velocity will be found from the depth 
of the hole below the ſurface; by Cor. 2. Prop. XCVII. And 
its force by Cor. 1. Prop. CVII. - 

Thus let 5=16 + feet, vg velocity of the fluid per ſecond. 
B = the area of the hole, H = height of the water; all in 
feet, Then the velocity vg Vis; and its force=the weight 
of the quantity——B or HB of water, or = LT HB hundred 
weight; 1 a cubic foot is = 62 + Ib. averd. Alſo 
« hogſhead is about 8 2 feet, or 531 Ib. and a ton is 4 hogſ- 

eads. 

When you have but a ſmall quantity of water, you muſt 
contrive it to fall as high as you can, to have the greater velo- 
city, and conſequently more force upon the engine. 

15, If water is to be conveyed through pipes to a great dif- 
tance, and the deſcent be but ſmall; ſo much larger pipes muſt 
be uſed, becauſe the water will come ſlow. And theſe pipes 
ought not to be made ſtraiter in ſome places than others; = 
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pipes. 


INVENTION or MACHINES: 


the quantity of water conveyed through them, depends upon | 
the bigneſs of the bore at the ſtraiteſt place. 
Pipes of conduct coming directly from an engine, ſhould be 


make of iron, with flanches at the ends to ſcrew them together, 


with lead between, or elſe of wood; for lead pipes will bulge 
out at every ſtroke of the engine and burſt. But pipes next a 
jet muſt be lead. Pipes ſhould not turn off at an angle, but 
gradually in a curve: pipes of elm will laſt 20 or 30 years in 
the ground. But they muſt be laid ſo deep, that the froſt may 
not reach them, or elſe the water muſt be let out; otherwiſe 
the froſt will ſplit them. 

T he thickneſs of any pipe muſt be as the diameter of the 
bore, and alſo as the depth from the ſpring. For a lead pipe 
of 6 inches bore, and 60 or 70 feet high, the thickneſs muſt be 
hajf an inch. And in wooden pipes 2 inches. 


Water ſhould not be driven through pipes faſter then 4 feet 


per ſecond, by reaſon of the friction of the tubes. Nor ould 
it be much wire-drawn, that is, ſqueezed through ſmaller pipes; 
for that creates a reſiſtance, as the water. way is leſs in narrow 


And in pump work, where water is conveyed through pipes 
to higher places, the bores of the pipes ſhould not be made 
too ſtrait upwaids; for the ſtraiter they are near the top, the 
leſs water will be diſcharged. Nor ſhould the pipe that brings 
the water into the pump be too ſtrait, for the ſame reaſon. 
The wider theſe are, the eaſier the pump works. 

When pipes are wind bound, that is, when air is lodged in 
them that the water can hardly paſs, it muſt be diſcharged 


thus. Going from the ſpring till you come to the firſt riſing 


of the ground, dig it open till the pipe be laid bare; then 


with a nail driven into tt, at the higheſt part, or rather a little 


beyond, make a hole in the top; and all the air will blow 
out at the hole, and when the water comes, batter up the 


hole again. Do the ſame at every eminence, and all the air 


will be diſcharged. If the water runs faſt through the pipes, 
the air will be beyond the eminence ; bur ſtopping the water, 


the air will aſcend to the higheſt part. If air be driven in at 


firſt along with the water, the nail hole muſt be left open, or 
a cock placed there to open occaſionally. Sometimes a ſmall 
leaden pipe is placed over the other, communicating with it in 


% 


ſeveral places, in which is a cock at top to "pon upon. oc- 


caſion. 
16. When any work is to be performed by a water wheel 
moved by the water running under it, and ſtriking the paddles 
: = 


{} 
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or laddle boards. The channel it moves-in ought to be-ſome- „ 10. 


thing wider than the hole of the adjutage, and fo. cloſe to the 
floats on 1 fide, as to let little or no water paſs; and. when 
paſt the wheel, to open a little that the water may ſpread. It 
is of no advantage to have a grrat number of flaats or paddles, 
for theſe paſt the perpendicular are reſiſted by. the back water, 
and thoſe before it are ſtruck! obliquely. The greateſt effect 
that ſuch a wheel can perform, in communicating any motion, 


is when the paddles of the-wheel move with 2 the velocity of 


the water; in which caſe, the force upon the paddles is < only 
ſuppoling the ablolute force of the water againſt the paddies, 
when the wheel ſtands ſtill, to be 1. So that the utmoſt mo- 
tion which the wheel can generate, is but % of that which the 
force of the water againſt the paddles at reſt, would produce. 
This is when the wheel is at the beſt; but oftentimes far leſs 
15 done, - 

Machines to raiſe water, though well made, ſeldom loſe leſs 
than + the computed quantity ot water to be raiſed. The beſt 
contrived engine is ſcarce ; part better than the worſt contrived 
engine, when they are equally well executed, 

A man with the beſt water engine cannot raiſe above one 
hogſhead of water in a minute, 10 feet high, to work all day, 

17. When a weight is to be raiſed with a given corporeal 
power, by means of the wheel and axle; ſo that the weight 
may receive the greateſt motion poſſible in a given time. The 
radius of the wheel and axle, and the weight to be raiſed, ought 
to be ſo adjuſted, that the radius of the axle (EF): may be 
to the radius of the wheel (AB) :: as + the power (P): to 
the weight to be raiſed (): or, which comes to the ſame 
thing, the velocity gained by the power in deſcending mult 
be + the velocity which would be gained by gravity in the 
lame time, | 

This only holds good, when the power is a heavy body, as 
well as the weight : but does not take place, when the power 
is ſome immaterial active force, ſuch as that of an elaſtic me- 
dium, the ſtrength of a ſpring, &c. whoſe weight is inconſi- 
derable. | 

18. Theſe principles alſo are very uſeful, and neceſſary to be 


known, where water works are concerned. 


The preſſure of the atmoſphere upon a ſquare inch, is 14.7 Ib. 
averd. at a medium. 


The weight of a column of water, equal to the weight of 


the atmoſphere, is 11 + yards. ; 
| | A cubic 
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184 INVENTION or MAcHINES. 
116. A cubic foot of water weighs 62 1 lb. averd. and contains 


6.128 ale gallons. 
An ale gallon of water contains 282 inches, and weighs 


10.2 1b. averd. 

A tun of water ale meaſure, weighs 1. tun averd. at 6 3 gal- 
lons the hogſhead. 

A cylinder of water a yard high, and 4 inches diameter, d 
contains v dd ale gallons; and weighs 1 "7 pounds averd. 
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The deſcription of compound machines or engines, 
and the method of computing their powers or 
forces : with ſome account of the advantages 
and diſadvantages of their conſtruction. 


_— 2 ** 2 8 * 
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PROP. CX% 


To deſcribe ſeveral ſorts of * and to compute their forces or 
effects, | 


There are two things required to make a good mechanic or 
engineer. The firſt is a good invention for contriving all the 
parts of a machine, to perform its motions and effects in the 
moſt ſimple and eaſy manner. The next is, to be able to com- 
pute the power or force of it; to know whether it can really 
perform the effect expected from it or not. The foundation of 
both theſe has been already laid down in this book. What 
ſeems to be neceſſary farther, is to give ſome examples in prac- 
tice, by ſhewing the conſtruction of ſeveral mechanic engines, 
and computing their powers. As there is great ſkill and ſaga- 
city in contriving fit and proper ways to perform any motion, 
ſo this is principally to be attained by practice, and a thorough 
acquaintance with machines of ſeveral kinds. I ſhall there- 
fore give the mechanical conſtruction of ſeveral ſorts of ma- 
chines, made for ſeveral different purpoſes, which will aſſiſt 
the reader's invention, and give him ſome idea how he may 
proceed in contriving a machine for any end propoſed, Of 
which I ſhall only give a ſhort explanation of the principal 
parts, not troubling the reader with any deſcription of their 
minuter parts, nor how they are joined together, or ſtrength- 
ened, c. It is ſufficient here to ſhew the diſpoſition and na- 
ture of the principal members : the reſt belongs to carpenters, 
Joiners, ſmiths, &c, and is eaſily underſtood by any one. * 
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DESCRIPTION o- 


To compute their powers. 8 


1. As to ſimple machines, they are eaſily accounted for, and 


their forces computed, by the properties of the mechanic powers, 


2. For compound machines ; ſuppoſe any machine divided 
into all the ſimple ones that compoſe it. Then begin at the 
power and call it 1; and by the properties of the mechanic 
powers, find the force with which the firſt ſimple machine acts 
upon the ſecond, in numbers. Then call this force 1, and find 
the force it acts upon the third, in numbers. And putting 
this force 1, find the force acting on the fourth, in numbers; 
and ſo on to the laſt. Then multiply all theſe numbers toge- 
ther, the product will give the force of the machine, ſuppoſing 
the firſt power 1. 

3. When pullies are concerned in the machine, all the parts 
of the ſame running rope, that go and return about ſeveral 
pullies, freely and without interruption, muſt be all numbered 


alike for the force. And if any rope act againſt ſeveral others, 


it muſt be numbered with the ſum of all theſe it acts againſt. 

4. In a co bination of wheels; take the product of the 
number of teeth in all the wheels that act upon and drive others, 
for the power; and the product of the teeth in all the wheels 
moved by them, for the weight. Or inſtead of the teeth take 


the diameters. 
Or thus, 


When a machine is in motion, if you meaſure the velocity 
of the weight, and that of the power, in numbers; then the 
firſt number to the ſecond, gives the proportion of the power 


to the weight. | | 
Otherwiſe thus, 


In wheel work, there are always two wheels fixt upon one 
axis, or elſe one wheel, and a pinion, trundle, or barrel, which 
ſupplies the place of a whe']l, Of thete two, call that wheel 
the /eacer, which is ated on by the power, or by ſome other 
wheel; and the other, on the fame axis, call the ſollower, which 
drives fome o her forward. Then having either the number of 
teeth, or the diameter, of each, tate ihe produit of all the 
leaders, for the weight, and the product of all the followers, fer 
the power. Here the leader receives the motion, and the fol- 
lower gives it. | 


5. And 


1 4: 
/ 


i} 


gect. XIII. CoMPOUN D ENOINES. 

5. And if the velocity of the power or weight be required. 
Tale the produtt of all the leaders, for tbe velocity of the power; 
and the produ3 of all the followers, for the velocity of the weight. 


Other things that are more complex and difficult, muit be 


referred to the general laws of motion. 

| E ExaneLe I. 
Sciſſars, pinchers, &c. may be referred to the leaver of the 
firſt kind. A handſpike and crow are leavers of the firſt kind. 
Knives fixt at one end, to cut wood, bread, Ec. are leavers of 


the ſecond kind. The bones in animals, alſo tongs, are leavers 
of the third kind. A hammer to draw a nail is a bended leaver. 


Ex. II. 


A windleſs, and a capftain in . | ſhip, and a crane to draw up 
goods out of a ſhip or boat, may be referred to the wheel and 


axel, | 
Ex, III. 


All edge fools and inſtruments with a ſharp point, to cut, 


cleave, ſlit, chop, pierce, bore, &c. as knives, hatchets, ſciſſars, 


Swords, bodkins, &c. may be reduced to the wedge, 
nun 


The Jar AB bearing a weight C, may be referred to the 


leaver; where the weight upon A: to the weight upon B:: 
is as BC: to AC. 
Ex. V. 


Likewiſe if two horſes draw the weight , in the directions 
A 1, B 2, by help of the ſwingtree AB; this may be referred 
to the leaver. And the ſtrength or force at A, to that of B :; 
is as BC: to AC, , 

I. 


ACB is a balance, where the brachia AC, CB being equal, 
the weights in the two ſcales D, E will be equal. The pro- 
perties of a good balance are, 1. That the points of ſuſpen- 
ſion of the ſcales, and the center of motion of the beam, be in 
one right line. 2. That the brachia or arms be exactly of 
equal length from the center of motion. 3. That they be as 

B b 2 | long 
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Mble with conyettieticy. 


188, frickion as poſſible in the motion. 5. hat the center of g 


190. 


4, Sc. reſpectlvely. 


of the beam be in, or but very little below, the won of mo- ä 
tion. 6. That they be in equilibrio when empty. "bh 
If one brachium AC be longer than the other CB, Gen the 


weight in the ſcale E muſt be greater than that in D, to make 
an equilibrium. And then you will have a deceitful balance, 
which being empty, or loaded with unequal weights, ſhall re- 


4 That there be as ory 


g 


main in equilibrio. For AC: CB :: weight in E: weight in 


O; by the property of the leaver. But changing the weights 
from one ſcale to the other will diſcover the deceit; for the 


balance will be no o longer i in nde e el e 


1 . 
Sl 


Ex. VII. 


The feelyard AB is . but a bent whoſe fulchum 1 is C, 
the center of motion. If the weight P placed at D reduces 


Se. be each = CB. Then if P be ſucceſſively placed at 1, 2, 
3, Sc. the weight to balance it, will be reſpectively equal 

to PI 2P, 3555 Sc. that is to 1, 2, 3 pounds, Cc. if P is a 
ound. | 

F For by the 1 of the leaver CP x P+CD x P=CBxV, 

that is PDXP=CBxW. And CB: PD: Et 

ſally. Whence, if DP or DI = CB, then W =P. If DP or 


by 


the beam AZ to an equilibrium'; and there be taken the equal 
diviſions D 1, 12, 2 3, 34, Se. then the weight P placed” 
ſucceſſively at 1, 2, 3, 4, &c. will equi-ponderate with weights 
as V, ſuſpended at B, which are alſo as the numbers 1, 2, 3, 


Moreover if the diviſions Dx, 12, 2 7% 


W, univer- 


D2=2CB, then V= 2P, Sc. But if CB be greater than DI, 


12, Fe. then will the conſtant weight P be greater than V, 
2, &c. 
The properties neceſſary for a ſteelyard to have, are theſe. 


1. That the fixt weight P being placed at D, where the di- 


viſions begin, ſhall make the beam in equilibrio. 
2. That the diviſions 1 ly 12, 23, Sc. be equal to one 


another. 

That CB may be of any length, provided the weight P 
be rightly adjuſted to it: viz. ſo that CB: Di:: P: 1 pound, 
if Ih pounds. Or CB: DI:: P: 1 ſtone, if be ſtones. 

That the beam be ſtrait, and the upper __ in a line 
wich the centers C, B. 

5. That it move eaſily and freely on its center C. 


Many 


g f 


* , , 
11 


2 * 


189 


Many ſteelyards- are likewiſe gtaduated on the under ſide, 1 0. 


which; may be uſed by turning them upſide down. Generally 
one fide is for ſmall weights, and the other for great ones. 


And each fide is adjuſted by the foregoing rules; and all the 


crooks hanging at it (except the moveable one for the weight) 
muſt go to the weight of the beam. 1 7 
Let AB be a cheeſe preſs.; CE, FG arc leavers moveable about 
the points D. E, , G, by applying the hand at C. S the 
ſtone or weight. Z the cheeſe. | 
If De DE=2,. FUR, Gf =, FRE Rs: 


Then in the leaver CE, D is the fulcrum. Call the power at 
C, x ; then the force at E or F is 4. And in the leaver FG, 


whoſe, fulerum is G; if the power at F be 1, the force at R 


is 5, therefore the power at C, to the weight &, is as 1 to 5 
x or 3. Alſo the weight of the ſtone at R, to the preſſure 


preffure at H, as 1 to 3X30 „„ . 
Ex. IX. 

Let EG. be a ſpinning wheel, Diameter of the rim EF=18. 

Diameter of the twill 2% g 2. Diameter of the whorle cd 3. 


EabF the band going about the twill. EcdF the band going 
about the whorle. Therefore whilſt the rim makes 1 revolu- 


at H, as 2 to 5, or 1 tog. And the power at C, is to the 
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tion, the twill makes q, and the whorle and feathers 6. There- 


fore there are 3 revolutions of the twill, for 2 of the feathers u. 
And conſequently the difference. of the revolutions which 1s 1, 
is the quantity taken up by-the twill, whilſt. the thread u is 
twined by theſe 2 revolutions of the feathers. The greater the 
difference of the revolutions of the twill and feathers, the more, 
the wheel takes up. And the nearer an equality, the more 
ſhe twines. If they make equal revolutions in the ſame time, 
ſhe will not take up at all. And if the feathers make no re- 
volutions, ſhe will twine none. The greater the proportion of 
the rim to the whorle and twill, the faſter ſhe will do both. 


Ex. > 


A machine to raiſe a weight by the force of the running 
water IH, carrying the wheel LK, by means of the floats F, F. 
Let the diameter of the wheel LK be 10; of GB, 2; of DC, 

| | 113 
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„ DESCRIPTION or 
113 of AE, 3. Let the power of the water againſt the floats 
F, be 1. Then the force at B to move the wheel CD, will be 
; again if the power at B be 1, the force at A will be 3 3. 
Therefore the force of the water, to the weight V, is as 1 to © 
5X2 4, or as 1 to 18 5. N e 
| When the wheels and axles and weight are ſo adjuſted, that 
the velocity of the floats at F, is = the velocity of the water 
there; then the weight will have the greateſt motion of aſ- 
cent poſſible. For if any one thing be changed, whether the 
weight, or the diameter of any wheel or axle, whilſt the reſt 
remain the ſame, the motion will be leſſened. f 


Ex. XI. 


In the machine FB, which raiſes the weight Y, by means of 
the wheel EG, and the perpetual ſcrew BE. Let the circum- 
ference deſcribed by the power C be 30 inches, the diſtance of 
two threads of the perpetual ſcrew E, be 1 inch. Diameter of 


the wheel EG=5 feet of DA = . Therefore if the power 


at C be x, the force acting at E to turn the wheel EG will be 
o. And if the power at E be 1, the force at D will be 22. 
Therefore the power at C, to the weight V, is as x to 30 22 


or 1 to 75. | EE 
Note, it is the ſame thing whether CB be ſtrait or crooked, 


whilſt the diſtance BC, in a ſtrait line is the ſame; and in 


meaſuring, you mult always take the ſtrait line BC. 


194. 
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the windleſs CC, and two pullies P, 2, Let the diameter 


Ex. XII. 


In a machine compounded of wheels to raiſe a weight; let 
AB=5, diameter of the barrel MN=2, the number of teeth 
in the wheels and nuts, as follows; CD=10, CE=40, FGO 
12, FH=50, Ki=12, IL=64. Then the power applied to 
B, is to the weight V, as I x IOX 12 X 12 to 5X40X50X64; 
that is as 1440 to 640000, or as 1 to 444 fl. 25 | : 

But if the power was at V, to move the weight B; then 
the ratio will be inverted. For then the power will be to the 
force at B, as 444 to x. Or if the velocity of B was re- 
quired, you will have the velocity of to that of B, as 1 to 


444+ 
I Ex. XIII. | 
A machine to raiſe a weight by help of the triangle ABEF,' 
HG 
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HG where the rope goes, be=2, radius CD=5. Then if the 18. 


power at D be 1, the force at I is 5, And if the force at H, 
drawn by one rope, be 1, the force at V drawn by two ropes, 
will be 2. Therefore the power at D, to the weight , is as 
1 to 2 5 or 10. If the leg AB be wanting, the other two 
may be ſet againſt a wall, or upheld by _ and then it is 
called a pair of ſbeers. 


Ex. xv. 


If the weight A is to be lifted by the 3 pullies C, D, E, of 
which C is fixt. Call the power at B, x. Then the force 
ſtretching AE is 1; and both together is equal to the force of 
DE=2; and force DA=2 ; whence, force DC=4 ; likewiſe 
force CA=4. Therefore the whole force acting at A is 1+2 
-+4=7, and the power at B to the weight A; as 1 to 5. 


Ex. XV. 


In this machine, 540 D is a running rope fixt at D, B a fixt 
pull-y. Let the power at 5 pulling the rope A be x. That 
on AC 1, and CD x. Then will AB be 2, and BC 2, BE 4. 
And the weight T oppoſing AC, BC and DC, will be 1+2 
+14. Whence the power at -, to the . V, is as 1 


to 4. 
Ex. XVI. 


Another machine with pullies. A a fixt pulley; the ends 
of the ſeveral ropes are fixt at B, C, D, E. Suppoſe the power 
at M=1, then the force on AF, FB is 1; On FG, GC, 2; on 
GH, HD, 4; on HI, IE, 8. But the weight P acts againſt 
HI, IE, and is therefore=16 : and the power is to the weight, 
as 1 40 16. | 


SCHOL. 


In a ſingle pulley, as 80 39. if a given power at P was to 
be a weight or heavy body, which was to raiſe ſome other 
weight WW, there will be the greateſt motion generated in V, 
in any given time, when V= P. 

And in a combination of pullies, as fig. 42. if a weight P 
was to raiſe another weight ; and if velocity of V: velocity 
of P:: 3 P: V; then V will be the weight which will acquire 


the greateſt motion 1n a Swen time, by chat given power _ 
x. 
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DESCRIPTION or 
Ex. xvn. 


Let DE be a vis 850 by oars; and let © ABC be one oar. 
Here the power acts at A, and the pin B will be the fulcrum; 
and the force at C, acting againſt the water, is that which gives 
her motion. Let the power at A be 1; then the force at C, 


by which the boat is moved, i-. Whence the longer AB, 


or the ſhorter BC is, ſo much more power there 1s at A to move 
her forward. 

Therefore long oars s have the diſadvantage of joing 1 power. 
Yet the oars may be too ſhort, as well as too long. For if 
they be very ſhort, the motion of the boat will allow little time 
to ſtrike, and they will have but ſmall force to act againſt the 
water with, in ſo ſmall a time, as well as from the ſlow motion 
of the end C; which is a diſadvantage on the other ſide. 


Ex, XVIII. 


Let FR be aà boat or a ſhip, AS a ſal. Suppoſe a plumb- 
line drawn through the center of gravity of the ſection of the 
ſhip and water; and another line BO, parallel to the horizon 
and to the axis or keel of the ſhip, and to paſs through the 
center of preſſure or reſiſtance of the ſhip, which ſhe has by the 
water in her motion. Let this interſect the former plumb-line 
in O. Through C the center of gravity of the fail, draw CD 
perpendicular to the fail ; and CB perpendicular to BO, and 
AS in the plane of the triangle CBD. 

Then if DC be the force of the wind againſt the ſail AS, 
then DB is the force generating her progrefſive motion, and 
BC is the force lifting the ſhip upwards. Now the force DB, 
acting at C, in direction DB, endeavours to turn the ſhip round 
an axis paſſing through O, with a force which is equal to the 
abſolute force BD x by the diſtance CB, or CB x BD, and this 
is the force by which her head is depreſſed. Likewiſe the force 
BC, in direction BC, endeavours to furn the ſhip round an axis 
at O, the contrary way; and that with the force BC x diſtance 
BO, or BCXBO; and this is the force that raiſes her head. 
＋ herefore the force to raiſe her head is to the force to depreſs 
it, as CB BO to CBx BD, or as BO to BD. 

Hence, if the point D fall before O, then the ſail endeavours 
to raiſe the ſhip's head ; if it be behind O, it endeavodtrs to 


ſink it. If it be in O, it will * wer ſteady. And the * 
0 
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of the ſail A contributes nothing to her progreſſive motion; x16, 
the ſame ratio of 5 ane REC pers” remains 200. 
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Eis a . or carriage, BD a rub for the wheel CAD ds. 201. 
over, AB the horizontal plane; DB, AC perpendicular, and OD 
parallel to AB, C the center of the wheel. Then the horizon- 
tal force required to pull the wheel over the rub BD, is a = 
75 And the difficulty of going over rubs increaſes in a greater * _ 
ratio than that of their heights.” Alſo the higher the wheels, the 
more eaſil y they paſs over them; but then they are more apt to 
overturn, To draw the cart with the leaſt power over the rub 
BD, it ſhould not be drawn in the horizontal direction AB. or 
OD; but in the direction AD. The advantage of: high wheels, 
is, chat they paſs the rubs moſt ealily,” and e have alſo leſs 
friction, and fink leſs in the dirt, and more eaſily preſs down 
an obſtacle. But their diſadvantage is, that they eaſily over- 
turn; they alſo make cattle draw too high; for they can apply 
their ſtrength, beſt when; they draw. low and upward, as in N . 
direction AD; which is, the advantage of low Wheels. 6 Y | 
the wheels are high, they may be made to draw low, by Brin 5 
the limmers or. traces as far below the axle as you .: > 
which wall then be an equal advantage with low wheels. 
the power not pulling at the her, but at: che carriage, may 
draw from any part of it. There is another N in ere 
wheels, that they are better to turn with. 5 

A waggon with 4 wheels is more advantageous than a cart ewith 
only 2 wheels, eſpecially, on. ſand, clay, c. Narrow wheels _ 
and narrow. plates are a diſadvantige ; che brbader the wheels. 
the Jeſs they nk, and therefore requirt lets Ataugbt, and alſo 
cut the roads leſs ; yet they take up a great deal. of dirt, which 
clogs the carriage, There is a great deal of fritidn in All car- 
riages, as is evident by the force required to draw them upon 
plain ground. And for that eaſoh, experience can only inform 
us, how much force is able to draw any carriage.  To_ make 
the reſiſtance a8 Small as can be, axles of icon, running in braſs 
boxes in the heel naves, 0 the ea eſt. 

The ſpokes in the whe buglit to be-a lite inclined out- 


d DLeEn = =, 


— 
) 


wards; that when a wheel ſinks into a rut, kes (bearing Pl 
hn the greateſt weight?” may be nearly eee cular to the 
orizon. 


e The 


1 8 
20 F. 


"DESCRIPTION or 
The underſide af tbe axle · tree, where the wheels ron, POW 


* in a fight line if they ſlant much upward towards 
the ends, the wheel will work againſt the lin pin. Let this 


cauſes the wheels to be further aſunder at top than at bottom. 


202. 
' _ within ic. Which Power turns the wheel DE by the ſpokes AD. 
AD, &c. and. D turns the wheel, JC, 


1 


in the rut, the _”_ of the axle- tree are conical; which 
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" Soppdſeth the * FG i is pas Foo Fy ng 2 rower acting; 


which carries: the N | 
Let the power at A4 be 1. then the. force acting at E will. 


ech 3 wy id ider at Ebe 1, the force at C, by whichs 


10 20 


the ten is moved, will de a *. kerefore. the | power at 2 8 


Iii 


to the force by which the — can be moved, is 48 · 


„ BRE 1 Or the power i is to that. force, as. DEx BC to 
Nx EN. Twit be che ſame thing, if inſtead of teeth, the 
wheel DE catties EB by à chan going round them. You mult 


ſuppoſe the like wheels on the "Vppolice fide. 


ener! if che Ablolute free ta move the * waggon' without, be 
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1557 ABC a re c it 4 OY al alte inclined. to hike 


cmd | 5 and facing F. Wind, and turning: abou tin the 
order. BGD, "Fc the The ion of the. wind para el: 16 the ax 


EH. . Since e to EC, draw CF in the fy 
ng 


perpendicular to. EC; then the be Ole WCF will be the a 

of incidence of the Feind 'n the Jail q Therefore the force of 
the windto turf, the ſails oY e axis EH, 2 80 the ſquare of 
the fine of the angle EN by i its coſine. the force 24 
ing againſt the milf, in direction of the axis E 25 is as the cube 
of the line of VH. Now _ Now lince, Ihk. force of "the wind to turn 


the ſails round, is as. . VC x col Hf; therefore when chat | 
force is the-greateſt, theangl Ren will be . cod; 
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And this is the moſt advantageous poſition '6f the fails to y 1 0. 
move them from reſt; and would- always be fo, if the wind 203. 
ſtruck them in the ſame angle when moving as when ar” reſt. 

But by reaſon of the ſwift motion of the fails, eſpecially near the 

end G, the wind ſtrikes them under à far leſs angle; and not 
only ſo, but as the motion at the end G is fo ſwift, it may ſtrike 
them on the backſide. Therefore it will be more advantageous 
to make the angle of incidence HY greater, and fo much more 
as it is further from E. Therefore at the, places 2, o, G, the 
tangents of the angles ought to be nearly 'as the diſtances, Ex, 

Eo, EG. And therefore the ſails ought to be twiſted, ſo as at 

r to lie more ſharp to the wind, and at & almoſt to face it. And 

by that means they will avoid the back wind. R 


Ex. NI 


D 
oy * - — 


GB is a common ſucking pump; GR L the handle; CD the 204, : 
bucket; E, F two clacks opening upwards. When the end I. | 
is put down, the end & raiſes the ſucker or bucket CD, and the — 
valve or clack F ſhuts ; and the water above the bucket being 
raiſed, the weight of the atmoſphere is taken off the water un- 
derneath in the pump. Then the preſſure of the external air in 
the pit or well MN, raiſes the water up the pump, opens the 
valve E, and aſcends thro? the hole B into the body of the pump ; 
DB. Again, when the handle L is raiſed, the bucket CD de- f 
ſcends, the valve F opens, and lets the water aſcend through J 

it, and the preſſure of the water ſhuts the valve EZ, ſo that the 
water cannot return through B. Then whilſt the end L is put 
down again, the ſucker CD is raiſed again, together with the 
water above it, whilſt more aſcends through B. So that at 

cvery ſtroke of the handle, water is raiſed into the pump, till at 

laſt it flows through the pipe H. 8 

If the bucket CD be more than 30 or 32 foot from the ſurface 
of the water MN in the pit, no water will aſcend above it; for 
the preſſure of the atmoſphere reaches no farther. Therefore it 
muſt be always within that diſtance, or this pump is uſeleſs for 
Trailing water. | | ; ; 

The weight of water which the bucket lifts at each ſtroke is 
that of a column of water, whoſe height is MH, and its diameter 
that of the bore of the pump at CD, where the bucket goes. 
Therefore as GK to KL :: ſo the power applied at L, to that 
weight. Therefore it ſignifies nothing where the bucket is placed, 
as to the weight of water. If a leak happens in the barrel of the 
pump below the bucket CD, the air will get in and hinder the 

| | Ce 2 work- 


195 DESC RNRTPT ION on 
0. a. of the pump; If above CD, only, ſome: will. ha loc. 
therefore CD ſhould be placed low but then it will be bad 10 


. come at to repair it. : 
The bucket, ſucker, or: viton, i is. to be ſurrounded with Jew. 


ther to fit exactly, and mult move freely. up and down in the 
barrel, and muſt alſo exactly fill it. Of valves or clacks, ſome 
are flat, made of leather; others are conical: and they muſt all: 
fit very cloſe, and move freely. To balance the weight of wa- 
ter, the handle KL is commonly made heavy, as. of iron, with. 


a knob at the end - EY 
| The bere of the pipe at B ſhould not be too ſtrait; the 


wider it is, the more freely the water aſcends, and the eaſier the 
pump works. Likewiſe the longer ſtroke the pump. makes, the 
more water is raiſed by ihe ſame power; there being leſs water 


loſt, by: the valves ſhutting... 
Calculation. of a common pump. 


vg LK, 3 feet; AG, 8: inches. 
5 = HM the height from the water in yards: 


Then the diameter of the bore at D will be = Weg 2 inches. 


— 


And a ſingle perſon will raiſe k of. _ 95 an 


hour. N OP | 
In many pumps for common vfe, it is not neceſfary to draw 


a great quantity of water; and then a ſmaller bore will ſerve, 
as 3 or 4 inches; which will make the pump go ſo much the. 


lighter.. I 
E x; XXIII. 
If a man Aung in the ſcale E, be in equilibrio with a weight 
in the ſcale 4; and if he thruſt againſt the beam CB, with a 
ſtick or otherwiſe, in direction ED, and by. that means thruſts. 
out the ſcale. E to the poſition BE. Then the man in the ſcale E 
will over. balance the other ſcale 4, and raiſe the weight. For 
let EL be perpendicular to. FB; then the force at E to turn the 
ſcales is to the contrary force at F, as. CL to CF or CB. For it 
is the ſame thing, as if E was ſuſp ended at L. 
And when the perpendicular obſtacks GHhinders the ſcale from 
got out; and the center C is always kept ſteady. Yet the 
e E will ſtill preponderate. For let ED be the force acting 


againſt D; this is —— to the two forces EB, BD, actiog 
at 
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at E and D. The force BD tending to or from the center, does 
nothing. But the force EB at E, acting at the diſtance CB, its 


power to bring down the ſcale E is CBX BE. And the ſame: 


force acting at D; its power to puſh up the ſcale is CDXBE. 


And their difference DB x, BE.1 is the abſolute force to thruſt 


down the ſcale. And this force is to the whole thruſting force 
DE, as DB to DE. And if D were on the other fide of C, the 
force would ſtill be DR BE, or CB+CDxXBE. © 

But if the ſcale: E was not moveable about B, as if it were 
tied by the cord DE; then no force acting againſt any part of 


the beam "Oy could haye wy. effect to deltroy the.equ.librium... 


E x.. XXIV. 


Suppoſe: a man 4 ſanding upon the plank CB, ſupported 
only at the end C, and pulling the end B towards him by the 
rope EB, in order to keep himſelf and the plank from falling. 

Imagine the man and the plank to be one body; then the. ac- 
tion and re- action in direction EB, deſtroy one another, and his 
pulling does nothing. It would therefore be in vain for: him to 
endeavour to ſupport himſelf by that force; for both he and the 


plank muſt fall down together towards B, by their own weight. 


Ex. XXV. 


CD is a machine with two wheels fixed to an axis DE, round 
which goes a cord GDFE. + There is a power at E endeavouring 
to draw the machine towards E, in. a direction parallel to the 
horizon HO, by the cord EF, going under the axis DF. In 


the radius AH of the wheel, take A equal to the radius of the 


axle DF, towards H, becauſe the ſtring goes below it. Then 
the force to move the machine, is the ſame as if the ſtring, was 
fixed at B; where H is the fulcrum, A the weight, Theo the 


force to move the machine towards E, with the g given power E., 


will be as BH. Therefore it would be in vain, by pulling at 


the ſtring, to endeavour to make the body roll towards D, the 
contrary way. But if DF was greater than the diameter of the 


wheel, that is, if B falls beyond H, then the force drawing to- 
wards E, would move the body towards D the contrary way. 
If the direction of the power DE be elevated above the hori- 


20n, as fe; then the machine could approach or recede, till the 
direction of the ſtring ef fell upon the point of contact H, and 


Ex. 


there it would reit., 
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DESCRIPTION or 
| Ex. XXVI. | 
4B is an artificicl kite, ; kept up by the wind blowing in diree- 


%T ab WC, by drawing the ſtring A1B7H, fixed at A and B. The 
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kite will gain ſuch a poſition, that H produced will pals through 
the center of gravity of its ſurface at C. Draw CO perpendicular 
to BA, and DO perpendicular to the horizen HO. Then OC 
is the direction of the force of the wind acting againſt the kite; 
and the force of the wind to keep her up, is as the ſquare of the 
ſine of the angle AZ or COD. Now if DO repreſent the 
given weight of the kite, CO will be the force of the wind at- 
ing againſt her, and CD the force pulling at the ſtring. The 
tail EF (with a bullet F at the end) being always blown from 
the wind, keeps her head always towards the wind. 

As the direction of the thread always paſſes through C, there- 
fore the angle 40H, and conſequently HCO, will always be the 
ſame at all altitudes. And ſhe can never aſcend fo high, till the 
angle of altitude CHO be equal ro ACH. And hence it follows, 
that the leſs the angle HCO is made, the higher ſhe will riſe. 
And likewiſe the greater the wind is, or the lighter 'the kite, 

ceteris paribus, the higher ſhe will riſe, 55 
After a like manner a machine as 46 may be contrived, to 
keep at the top of a running water, being held by the ſtring 
de tyed to a ſtone and ſunk to the bottom: ab lis a thin 
board, 5 a piece of lead to ſink the end 5, but the whole muſt 
be lighter than water, cd an iron pin fixed at C. Or the ma- 
* may have a looſe tail at 5, heavier than water, as in the 
kate. 


Ex. XXVII. 


If AB is a machine to be moved by a power acting at C out 
of the machine, in direction DC, DF, GI two leavers within 
the machine, moveable about the two fixed fulcrums E, H. 

Call the power at C, 1; then the force at 7 to move the leaver 


Gl, 322 | Then if the ſorce at F be 1, that at the obſtacle 1 


out of the machine is Er Therefore if the power at C be 1, 
the force acting againſt the obſtacle at 7, or which is the ſame 
thing, the force urging forward the machine towards B, is 
DEXGH | 
R | 
4 8 ſoiet 


But the power at C draws back the machine with the 
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force . Therefore the abſolute force urging forward the ma- THY : 


--DEXGH DEXGH— EF x — 211. 
chine * RF Ht — or: D 11. 
Note, if the force at F be 1, , the force egainft is . kot 


7 

this i is not the force urging forward the machine, but to tear her 
in pieces, or to ſeparate the fulcrums E, H, from one another. 

If there had been three leavers, and the power at D; the 
third had been directed towards X, the way the machine goes; | 
then the power 1 muſt. be added to the force at , and the 
whole is the force urging forward the machine. 

Hence, if the abſolute direct force to move the machine be 
1, the power _— at D, which is able to move it, will be 

EFH 


6 if 22 
DEXGH—EPxAT raren eu n uh : 
machine, this power could only de Dreh ſince there is 
then 85 force to be deducted for drawing back the machine. | 


A. Ex. XXVII. 


2 is a ns be AC, AD, AB, BE. 50, Weich of 212. 
timber. DE, EL, SR, RH, braces to ſtrengthen the angles £, B. 
The ſtreſs upon any of the angles, is, ceterix paribict, ſo much 
greater, as the angle is greater. But the . on any angle 
A, is as the 8 AP: * 


- XXIX: J 
A aide in 

AB a ſailing e. | CDEP horizontal fails l contrived 213. 
that the fails D facing the wind may expand, and thoſe going 
from the wind may contract. The fails are turned About by the 
wind coming from any coaſt. Theſe fails turn the axis and 
trundle GH. And the trundle turns the wheel IL. by the cogs 
in it. Therefore the chariot may move; in any direction. K is 
a rudder to ſteer with. © 

© Suppoſe the chariot to go againſt the wind: Let D be the cen- 
ter of preſſure of the two ſails C, D, the wiod blows on. And 
jet the power, (chat is the force "of che wind acting againft, * 
ſrls) be 1, then the force acting againſt the teeth in IL, is 


And 15 _ being 1, 1, the force at Li is alſo 1. There- 


or 
; fore 
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bie the power: at D to the Force at . is 2 1 60 R 2 or 
| 9 
us OH. to GD. Now'fince the maſt is firaines by the power 


falling on the ſails, therefore by this power OH, the chariot 
is Cen] backward. And by the force at L which is GD,. it 


is urged forward. Let R be the force of the wind upon the 


body of the cbarior, together with the friction in moving. 


: Therefore if G is greater than the radius OH+R, the cha- 


riot will move forward againſt the woman if leſs, e 


N '£ . * N 6 
"4 Es 4 * 2 C.a 2 
* FR pk 
Ex. . 13 * 
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i 


FG a ritt or. waggon to fail ans the ITY 8 "the fails 
of a windmill,” rutning in the order 1, 2, 3. As the Og 
round, the pinion A moves” B, and the trundle C moves D L 


' whith has both teeth and cogs. D by its teeth moves E; by 


the trundle E: fixt to the axle-tree carries round the wheels H, 


which move the waggon, in direction HG. 
The fails are ſet at an, angle of 45?, fo the force to turn 
them, and the force in direction of the axis, will be equal. 
This. waggon will always go againſt the wind, provided you 
ive. the alls power enough, by the combination of the Shanks: 
Kia t then her motion will be 29 N lower. 


Let AB be part of 1 a rope, cd, cd, &c. the e panideviar ſtrands 
running about in a ſpiral manner. Let FH be the axis of the 
rope, the apgle GH or HM the obliquity of the ſtrands. 


/ 


* 
. 5 


Draw KH, GH parallel to FG, FK, and draw GEK. I hen 


the tenſion of the rope in direction HF, is to the ſtreſs on all 


the ſtrands in direction FG; as FH to FG + PK. or FG+GH, 


that is, as EF to FG. Therefore the abſolute force by which 
the rope is ſtretched, is to the ſtrain or ſtreſs upon all the: 
ſtrands, or upon the twiſted rope; as FE is to FG; and ſo is 
the Jength of any Part of the rope, to the correſpondent length | 
of a ſtrand. 

Hence ropes the leaſt twilled are ſtrongeſt and bear the moſt 
weight; and the harder they are twiſted the ſooner they will 
break. And for the ſame reaſon if they be couble twiſted, 
they will be weaker ſtill, But as it is very difficult to make 
all the fibres pull equally without twiſting, and impoſſible to 


make a rope hold together without 1 it, Therefore it is neceſſary, 
| it 


/ ; 
* | 7 
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it have as much, as to prevent the fibres from drawing out; 


144 


ABC a ſyphon or crane. If the ſhorter end 4B be immerſed 
in a veſſel of water AD, then by applying the mouth to the 
end C, and ſucking till the water comes, it will continue to 

flow out at the end: C, as long as that end is lower than the ſur- 
face of the water at D 


4 
x 


If there be a mouth- piece at E, then 


” 


ſucking at E (whilſt the end C, is ſtopt with the finger) will 


make the water flow,, when the finger is taken off, And when 
the water is begun to flow, the hole at E ſhould be ſtopt up, 


wy 


" * 
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and a ſmall degree will not much impair its ſtrength. ' A rope 21 8 
conſiſting of ſeveral ſtrands, is thicker when twiſted, than when | 


"© { 


or elſe the water will flow no longer, than till the ſurface at D 


be as low as KE. 


The teaſon of it 


of the column of water, BC being, greater than that of BD ; 
the preſſure at C is greater than at N; and the preſſure of the 


; flowing is this: the, per endicular height 


atmoſphere being the ſame at D and C; therefore the greater 


weight at C will make it flow out there; whilſt the preſſure of 


the atmoſphere at D forces more water up the tube DB; and ſo 


keeps it continually running as long as there is any water, and 


the end C continues lower than the ſfurface at D. But if C is 


higher than D, the water will return back into BD. But if 


the height DB exceed the preſſute of the atmoſphere, which is 


30 or 32 feet; then it cannot be made to flow out at the end 
C; or if there be a hole in the ſyphon higher than the ſurface 
at D, the air will get in, and the water will return through 
BD. Or if the ſyphon be very wide, the air will inſinuate it- 
ſelf into the lazy + between the water and the tube, which will 
hinder it from running.. To prevent, which the end C may be 


immerſed into another veſſel of water, lower than the ſurface, 
at D. If the ends of the ſyphon be turned up, as F, G, then 


the water will remain in the ſyphon, after it has done working, 
which in the other will all run out. me 


7 rhe 1 Wor ERA. 3,0 
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CDLF a veſſel of water; 4B a tube open at both ends, and 
about ;; inch diameter. AE a quantity of mercury put into the 


2 17. 


tube. Then ſtopping the end B, let the other end 4 be im- 


merſed deep enough in the water. Then opening the end B, 


the mercury will ſink ſo deep in the tube, till the height of 


D d the 
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DESCRIPTION or © 


' Fi 6. die water AB be 14 times the heigh Ne the mercury AE. and 


en the mercury will be at reft. 


th | 
a For the ſpecific gravities of water and mercury being! 1 and 


14, the column of water AB will be equal in weight with the 
column of mercury AE. Therefore the preſſures at 4 being 


equal, they will ſuſtain one another. 


Ex XXIII. 


wy 


A, B, are two barometers ed is a EVE its bore © or 2 inch b 
diameter, at leaſt, cloſe at top, and communicating with the 


veſſel C, with mexcury in it. Ci is open to the external air. 


The uſe of this inſtrument is to ſhew the weight of the atmo- 
ſphere, and its variations. This tube and ve el with mercury, 


is put into a frame, and hung perpendicular. Near the top of 


the tube is placed a ſcale of 8 by which the height of the 
mercury in the tube is known, and likewiſe a ſeals for the 
weather. At the top of the tube above the mercury is a vacu- 
um. Now the atmoſphere preſſing upon the ſurface of the 
mercury at C, keeps the mercuty fuſpended at the height 4 in 
the tube, which therefore will be higher or lower according to 
the weight of the armoſphere. © The height of the mercury in 


the tube is generally 28, 29, or 30 inches; ſeldom more. If 


any air get into the tube it ſpoils the machine. Leſt the 
quickfilver ſtick to the glaſs, it is good to drum à little with 


A 


the fingers upon it, in making any obſervation. 5 8 


zi 3 


Kultes te obſervation of the weather. 7 5 90 . 


1. The kd of the mercury preſages fait weather. 47 7 riſes 


and ſtands higheſt in ſerene, ſunſhiny, droughty weather: rigs 


in calm froſty weather it generally ſands high. In thick foggy 


weather it often riſes. 
2. The falling of the werury denotes foul Seater, It ge- 


nerally falls or . low, in rainy, windy, or ſhowy weather. 
In windy weather the mercury ſinks loweſt of all; and 


riſes faſt after ſtorms of wind, 
4. In very hot weatherthe falling of the mercury foreſhews. 


thunder. 


5. In winter, the riſing foretels froſt , and falling it in froſty 


weather foretels thaw. 
6. In continual froſt, the riſing preſages ſnow. ' At other 


* it generally falls in ſaowy weather. 
7. When 


„ 
. 9 8 * 8 


*nefeury; or fair weather after its riſing, expect but little of it. 


1 
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. When the mercury riſes after rain, expect ſettled ſerenity; + 1 6, 


if it deſcends after rain, expect broken ſhowery weather. 
8. When foul weather happens ſoon after the falling of the 


In foul weather, riſing faſt and high, and continuing fo 


2 6r 3 days, before the foul weather be quite over, expect a 


continuance of fair weather to follow. 


10. In fair weather falling faſt and low, and continuing 2 

r 3 days before the rain comes, expect a great deal of wet, 
we probably high winds. - 

11. Unſettled motion of the mercury denotes uiſenied wea- 
ther. 

12. The greateſt height of the ne is Upon eaſterly and 


| 9 eaſterly winds. 


. The alterations are greater in northerly parts, than in 
* more ſoutherly; and there is little or no variation within 


Ex. XXXV. 


the tropics. 


ABE is an artificial fountain. A is an open elfte. B a cloſe 
one; E may be made cloſe by ſtopping the hole C; cheſe veſſels 
all communicate by the tubes F, G. The tube F reaches near 
the top of E, and the tube G near the bottom of B. Pour 
water into C almoſt to the top of the pipe F; and ſtop the 
hole C. Then pour water into A which will run down into B. 
Then open the cock D, and the water will ſpout up to the 
height of AB above D. For the air in B, F, E is condenſed 
by the weight of the column of water AB; and its preſſure on 
the water in C, is equal to the weight of that column; and will 
therefore make the water ſpout to that height above the water 
in C, nearly. But the pipe leading to D muſt be turned curve. 


Ex. XXXVI. 


AB is a dart or an arrow; at A, 3 or 4 feathers are placed 


nearly in planes paſſing through the arrow. If the feathers 


were exactly in this plane, the air could not ſtrike againſt the 
feathers, when the arrow is in motion. But ſince they are not 
ſet perfectly ſtrait, but always a little aſlant; whilſt the arrow 
moves forward, the air ſtrikes the ſlant ſides of the feathers ; 
by which force the feathers are turned round, and with the 
feathers the arrow or reed. So there is generated a motion 
about the axis of the arrow; which motion will be ſwifter as 
they ſtand more aſlant. This motion is like the motion of the 
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F 1 Ge ſails and axle of a windmill, turned round by the: wind, The 

2 20. head B is made of lead or iron, and will therefore go foremoſt 
in the air; and the feathered end A the hindmoſt, as ou 
_— An arrow will fly about 60 yards i in a ſecond, - 


Ex. XXXVII. 


AB is a veſſel which lows its liquor tl filled to a certain 
height; and if filled higher, lets it all run out. ETG is a 
crooked pipe, or crane open at both ends. If water be poured 
into the veſſel, it will continue in it till it riſes above F, and 
aſcend to the ſame height in the pipe EF. But riſing above E, 
the preſſure at E will make it run out through the pipe EFG, 
till the ſurface of the fluid deſcends as low as E. This is ſome- 
times called Tantalus's cup. The funnel EFG may be put in 
the handle of this cup, which will look neater. 


Ex. XXXVIII. 


BC, CG are two bones of an animal, moveable about the 
joint FK, by help of the muſcle KD. The joints of animals 
are either ſpherical or circular, and the cavity they move in is 
accordingly either ſpherical or circular. And the center of mo- 
tion is in the center of the ſphere or circle, as at C. Let V 
be a weight hanging at B, and draw CP, CK perpendicular 
to BM, KD. Then if the weight V be ſuſpended by the 
ſtrength of the muſcle KD, it will be as CK: PC:: V: ten- 
fion of the muſcle KD. 

The bone BC is moved about the joint FK, by the ſtrength 
of the muſcle KD. For when the muſcle is contracted, the 
point K is moved towards D; and the end B towards E, about 
the immoveable center of motion C. The ſtrength of the muſ- 
cles is ſurprizingly great. 

Borelli (in his Book, de Motu * Part J. Prop. XXII. ) 
computes the force of the muſcles to bend the arm at the elbow 3 ; 
and ſays, a ſtrong young fellow can ſuſtain at arms end a 
weight of 28 Ib. taking in the weight of the arm. And he 
finds the length of CB to CK to be in a greater proportion than 
that of 20 to 1. Whence he infers the ſtrength of theſe muſ- 
cles to be ſo great, as to bear a ſtretch at leaſt of 5601b. 

It is evident that all animal bodies are machines. For what 
are the bones but leavers, moved by a certain power placed in 

the muſcles, which act as fo many ropes, pulling at the bones, 
and moving them about the joints? Every joint repreſenting 
1 the 
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uſe or motion of the ſeveral parts of the machine? And which 


by opening or ſhutting certain valves, let out or retain their 


contents as occaſion requires; or convey them to diſtant places. 

by other tubes communicating therewith. And therefore all 

theſe motions of an animal body are ſubject to the general laws 

of mechanics. by FE SD pes 07 291 
Ex. XXXIX. 


The motion of a man, walking, running, Se. will eaſily be 
accounted for. Let us firſt ſuppoſe a man fitting in a chair; 


he cannot riſe from his ſeat, till by thruſting his head and body 


forward, and his feet and legs backward, the line of direction, 


205 


the fulcrum or center of motion. What are all the veſſels but x ; C. 
tubes which contain fluids of different ſorts,” deftined for the 


222, 


223. 


or the perpendicular from the center of gravity, paſs through 


his feet, as the baſe. Likewiſe when we ſtand upon our feet, 
the line of direction muſt fall between our feet; otherwiſe we 
cannot ſtand, but mult fall down towards the fide the center of 


gravity lies on. And when a man ſtands firm upon his feer, 


his legs make an iſoceles triangle, the center of gravity lying 
between them. And then he is not ſupported by the ſtrength 
of the muſcles, but by the bones of the legs and thighs, which 
then ſtand in a right line with one another. 

When a man AC endeavours to walk, he firſt extends his 
hindmoſt leg and foot & almoſt to a right line, and at the ſame 
time bends a little the knee N of his fore-leg. Thus his hind 
leg is lengthened, and his fore-leg ſhortened; by this means 
his body is moved forward, till the center of gravity “ falls 
beyond the fore-foot B; and then being ready to fall, he pre- 
lently prevents it, by taking up the hind-foot, and by bending 
the joints of the hyp, knee, and ancle, and ſuddenly tranſlating 


it forward to 7, beyond the center of gravity : and thus he 


gains a new ſtation. After the ſame manner by extending the 
toot and leg HB, and thruſting forward the center of gravity 
beyond the foot &, and then tranſlating the foot B forward, 
he gains a third ſtation, And thus is walking continued at 
pleaſure. | ER | | 

His two feet do not go in one right line, but in two lines 
parallel to one another. Therefore a man walking has a libra- 
tory motion from one ſide to the other; and it is not poſſible to 
walk in a right line, 

Walking cn plain ground is eaſy, pleaſant, and performed 
with little labour. But in going up hill is very laborious, by 
reaſon of the great flexure of the joints required to aſcend, _ 
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DESCRIPTION oF 


\qheir W more ſtreſs from the weight of the body in that 
_ poſition. - Deſcending down hill is, for the ſame reaſon, more 
laborious than walking on plain ground, but not ſo bad as al- 


eig 1 1 , +4 


The walking of birds is not unlike that of men; only their 


weight i is intirely ſupported by the ſtrength of the muſcles; 
ſince their joints are always bent. Alſo their feet g0 in two 


parallel lines. 


A man in walking always ſets down one foot before the 


other be taken up: and therefore at every ſtep he has both feet 


upon the ground. But in running he never lets one down till 


the other be up. So that at each ſtep he has but one foot upon 


the ground, and all the intermediate time none. A good 


footman will run 400 yards in a minute, 


Ex. XL. 
When a beaſt ſtands, the line of. gravity muſt fal within 


the quadrilateral made by his 4 feet. And when he walks, he 
has always 3 feet on the ground, and one up. Suppoſe he firſt 


takes up the hind foot C. Before he does this, by extending 
his leg backwards, he thruſts forward his body and the center 
of gravity ; then taking up the foot C he moves it forward to 


F. Then he immediately takes up the fore foot B on the ſame 


ſide, and carries it to H; then he takes up the hind foot D, 


and tranſlates it forward; and then the fore-foot at 4; ; then F 


again, and ſo on. 
When he trots, he takes up two together, and ſets down two 


Together, diagonally oppoſite. 


When he gallops, he takes up his feet one e by one, and ſets 
them down one by one; though ſome animals ſtrike with the 
two fore feet nearly at once, and the two hind feet near at 


once; and have not above two feet on the ground at once. A 


Soße horſe will run half a mile in a minute. 

Animals with ſix or more feet, take up the hindmoſt firſt; 
then the next, and then the next in order, to the foremoſt, all 
on one ſide; and after that, all the feet on the other ſide in the 


Tame order, beginning at the laſt. If they were to take up 


the foremoſt firſt, the animals would move back ward. 
F 
Ex. XLEI. 
AD i is a bird flying in the air, by help of the wings F, 7; 


and the tail C. The ſtructure of their wings are ſuch, that in 


ſtriking 


Set. XIIE CO MOND ENGINES. 20% 
ſtriking downward, they expand t theit greateſt hreadth, and + ; G.. 
become almoſt two planes, Heing ſomething hollo on the un- 225. 
der ſide. And theſe planes are not then horizontal, but inclined, © 
fo that the back part Kis higher than the fore part DFG. But 
in moving the wings upward, to fetch a new-;ftroke, they go 
with the edge DFG foremoſt, and the wings contract and be- 
come hollow. Their bodies are ſpecifieally lighter than men 
or beaſts. Their bones and feathers are extremely porous, 
hollow, and light. The muſcles, by which their wings are 
moved downwards, are exceeding large, being not leſs than a 
ſixth part of the weight of the whole body. When a bird is 
upon the ground and - intends to: fly, he; takes a large-;leap ; 
and ſtretching his wings tight from his body, he ſtrikes them 
downwards with great force, by, which they are put into an: 
oblique poſition; and the reſiſtance of the air acting ſtrongly 
againſt them by the ſtroke, impels them, and the bird, in a 
direction perpendicular to their planes: which is in an oblique 
direction, or partly upwards, and partly horizontally forward: 
the part of the force tending upwards is deſtroyed by the weight 
of the bird; the horizontal foree ſerves; to gary him forward. 
The ſtroke being over, he moves his wings upwards, which be- 

ing contracted, and turning their edges upward, they cut throug g 
the air without any reſiſtance; and beipg ſufficiently elevated, 

he takes a ſecond ſtroke downwards, and: the impulſe of the 

air moves him forwards, as before. And ſo from one ſtroke 

to another, which are only like ſo many leaps taken in the air. 

When he has a mind to turn tothe right or left, he -ſtrikes- 

ſtrongly with the oppoſite wing, which impels him to the con- 

trary ſide. The tail acts like the rudder. of a ſhip, except 

only that it moves them upwards or downwards inſtead of ſide + 

ways; becauſe its plane is :horizgnal, If a bird wants to riſe, 

he puts his tail in the poſition LI; or if he would fall, into 

the poſition LI. Whilſt it is in the horizontal poſition LC, 

rt keeps him ſteady. A bird can by ſpreading his wings con- 

tinue to move horizontally: fbr ſome time, without, ſtriking. 
For having acquired a ſufficient velocity, by keeping his wings. 

parallel to the horizon, they. meetwith no reſiſtance; and when 
he begins to fall by his weight, he can eaſily ſteer himſelf up- 
ward by his tail; till his motion be almoſt ſpent, and then he 
muſt renew it by two or three more ſtrokes of his wings. When 
he alights, he expands his wings and. tail full againſt the air, 
that they may meet with: all the reſiſtance poſſible. The center 
of gravity of a bird is ſomething behind the wings; to mary 
| Ws 7. ll Walch, 


DBC Mr %o 
» 1.6, which, they thruſt out their head and neck, in flying; which 
22 5. Carries the center of gravity more rdf e ee eee 

It is impoſſible that ever men can fly by the ſtrength of their 
arms. For their pectoral muſcles are vaſtly too weak to ſup- 
port ſuch a weight / For in a man they are not the Goth part 
of the reſt of the muſcles of the body: but in a bird they are 


more than all the others put together. 
Some birds will fly x000 yards in a minute. 


14. 1 4 I n. XLII. ; 


226. 4AB'is a fiſþ ſwimming; which he does by help of his fins 
and tail. A fiſh is nearly of the ſame ſpecific gravity as water; 
and moſt fiſh have a bladder L, which they can expand or con- 
tract, and ſo make themſclves lighter or heavier than water, 
in order to riſe or fall in it. The muſcular force by Which 
the tail is moved is very great. The direct motion of a fiſh 
is by means of his tail BCD, moving from one ſide to the other, 
with a vibrating motion, which he performs thus. Suppoſe 
his tail in the poſition “G, being about to move it ſucceſſively 
to H, I and K; he turns the end G oblique to the water, which 
being moved ſwiftly through it in that poſition, the reſiſtance. 
of the water acts obliquely againſt his tail, and moves him partly 
forward and partly laterally. The lateral motion is corrected. 
the next ſtroke the contrary way; but the progreſſive motion 
is continued always forward. When his tail is arrived at K, 
_he turns its obliquity the contrary way, that in moving back 
to G, it may ſtrike the water in the ſame manner as before. 
And thus he makes one ſtroke after another, and moves for- 
ward thereby as far as he pleaſes, The oblique poſition of his 
tail is moſtly owing to the elaſticity of his tail, which by bend- 
Ing, is put into that form by the reſiſtance of the water. They 
can exert a very great force with their tail; and which is ne- 
ceſſary, to overcome the reſiſtance which their bodies meet with 
in the water, By help of the tail they alſo turn to one fide, 
by ſtriking ſtrongly with it on that ſide, and keeping it bent, 
- which then acts like the rudder of a ſhip. The fins of a fiſh 
ſerve to keep him upright, eſpecially the belly-fins E, which 
act like two feet ; without them he would ſwim with his belly 
up; for his center of gravity lies near his back. His fins alſo. 
help him to aſcend or deſcend, by expanding or contracting 
them, as he can with plealure, and ſo putting them in a pro- 
per poſition, His tail will allo help him to riſe and fall, by 
inclining it obliquely, and turning it a little from an erect poſi- 
| tion, 
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tion, to one ſide. . Fiſh can ſwim but ow, yet ſome of them y 1 0. 


will ſwim 70 or 80 yards in a' minute ; but they ſoon tire. 
Brutes can ſwim nacurally, for they are ſpecifically lighter 
than water ; and require to have but a ſmall part of their head 


out, for breathing. Alſo they naturally uſe their legs in ſwim- 


ming, after the ſame'manner as they do when walking, 
Birds ſwim. very eaſily, being much lighter: than water; and 
readily move themſelves along with their web feet, 

Men cannot ſwim naturally, though they are ſpecifically lighter 
than water. For their heads are very large, and require to be 
almoſt all out of the water for B 
ſtriking has no relation to that of walking. Men attain the 

art of ſwimming by practice and induſtry. And this art con- 
ſiſts in ſtriking alternately with the hands and feet in the water, 
which like oars will row him forward. When he- ſtrikes with 
his hands, he neither keeps the WIGS pe nor perpendicu- 
lar to the horizon, bur inclined. ' A 
water obliquely, the reſiſtance of the water moves him partly 
upward, and partly forward. Whilſt his hands are ſtriking, he 
gradually draws up his feet; and when the ſtroke of his arms 
is over, he ſtrikes with his feet, by extending his legs, and 
thruſting the ſoles of his feet full againſt che water. And 
while he ſtrikes with his legs, he brings about his arms for a 

new ſtroke, and ſo on alternately. He muſt keep his body a 
little oblique, that he may more eaſily erect his head, and keep 
his mouth above water. 0 55 e LOLs 

After the ſame manner may the motions, velocities, powers, 


4 


his hands ſtriking the 
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ing. And their way of ; 


and hs it of any machine be explained and accounted for, 
a 


by mechanical principles. I ſhall proceed to lay down a ſhore 
deſcription of ſeveral other machines, without being ſo particu- 
lar in the calculation of their powers and forces. The mecha- 
niſm of which being underſtood, will aſſiſt the invention of the 
practical mechanic, in contriving a machine for any uſe, 


Ex. XIII. 


AB a machine to raiſe a weight, and ſtay it in any poſition, 
CD a roller turned by the handle E. To the roller is fixed the 
racket wheel F. GH is a catch made of metal, moveable about 
Il, and forked at the end G, where it falls into the teeth of the 

wheel F, As the roller is turned, the weight is raiſed by the 
rope IX L. And the catch G, ſlides freely over the teeth of the 


wheel, till the machine is ſtopped, and then the catch G falling 
io in 
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DESC RIT TTR „„ 
E teeth, keeps the wheel faxed there, havin - 
not turn 8 58 + again with rhe weight. TN 


2 
OY * 
— 


e e e, e ct Qed ee 
KI i is a thine to GREP or depreſs the lever: cn, ebe 
about an axis at I, and to keep it at any poſition: ¶ a ſtring 


fixed at F and 4, and going m the order abcaef, through the — 
3, c. d, e, of the runner IA, which being put up or down, raiſes. 


or lowers the beam GH, at pleafure. Ang more or fewer holes. 
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may be _— ins "_ piece 1K, as oceaſion requires. 
Ex. XLV. 
CD:anerher med to- ſtay weiin in ary: pofirion.. Fhis 


1 s 


is only a cylinder of wood, upon-which is eut a channel for rhe 
rope to go in. If the weight B be lifted up, and A pulled down. 


then B will remain in any given poſition, by the friction of tre 
cylinder and rope. And there may be taken as many turns of | 


the * about the A ru as chere; is occaſion: for. 


Ws 


Ex. XE VI. 


230. C is a cloc clock weight carrying che two wheeſs A and g. 


the counterpoiſe: F a pulley, ADBFA an. endleſs. cord. 
When the weight is down, draw the cord E, till the weight C 
riſe to the top; then the catch-e keeps the wheel A from turning 
backwards: This may be Kev zeen übe for otller ow beſides. 
moving a clock, - 

12 XLVII. 


ADB. 2 a for reckoning the number of firoles or vis 


brations made. DH is a wheel moving about a fixed axis, up- 


on the neck of which axis goes-a braſs ſpring L, to keep the 
wheel from ſhaking. AB a piece of wood or metal. cur away 
between. Fand & to receive the wheel. The plane of the piece 


Alk is perpendicular to the plane of the wheel. FG are two 


ſtaples, to guide the motion of the piece AB back and forward. 


When the piece AB. is moved from A towards B, the edge at Y 


catches the tooth C, and' ſliding along the edge, moves the 
wheel about in direction CDi; this brings the tooth E to 
the edge K. And when the piece Ah is moved back from 


B. to A, the * at K — down the tooth E, moves the 
8 wheel 


Sect. XIII. COMPOUND ENGINES ziir; 
wheel from E towards H; which brings another tooth before 71 b. | = 
the edge J; ſo that at every motion of F AB back and forward, we | A 
the wheel is moved the breadth of one tooth. And if 94 SE <1 
teeth be nunbeendt "the baden M wilFthew when the wheel-þ Ei 
made:one-revolutions iii 
aiich (DW, R118 21393 2 Mint A 1c Mondo ad! q oe 1 
Je 20 oat 263 15 ? 27 EAR. NTM. 91 Node 513 Sn 10 5 
2 170 i} 263 EXE" " 51229 N, © 40 8 nolnig 941 * 1411 ve 7 
AED 3 moving one eircle within another, concen“ , 
trical to it. ABC: repreſents put pe of bras; And. 2 
{mailer concentrie ring ledged in a! Ercular "gibve, turned 
vithin the larger, and kept in nge dy three ſmall plates 
of braſs 4. B, C, fixed 10 che outwned ring, and feiching over. 
thy edge of the inder ane.- ''Uponith&ihner ring ified à cos 
entrig arch of a wheel d, "Having reefWirn'it\. Is are dtiven- ' 
con by the threads of an endleis ſcrew DF, turning in a collar 
at E, and upon a point at F. hoch fixed to the outward ring. 
By this mechaniſm, _ point of whe circle abc, may be ſer ** 
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eee eee ABF, by | Th: lete DEP. 882 
O99 OO ET NC ET CCSTEES Ns 511; « $7 * N #; ; is 
1 bs. . I k 2 P 
? de e, gion "By XLIX32" med bel 00 Mr 
: rg. 'f ! * #1 » 28090. 1383 | A 4 * 4 3 214 — F ' 34, a 


45 i is a . ng goods up. Af is a double wheel, , 233. 

within which man ti; and by his weight raiſes the” weight” * 

Ai, by help ofthe rope FB BF, which goes round ihe axis _ 

the uheel at F, At. D are two pullies, e vertical, and 6 

horizontal; che: vertical pulley facilitates — oFehe rop 

in hoiſting the weight; and the horizontal tone 'ſefves” for th ; 
rope to run o when the crane C D and weight are red Jes 
aide, by the rope GY, in order to de loweied®® moves 

about the axis BC. At Eis another pulley, for the-rope to 

run on. If the rope HA go about a pulfey at I. an be fixed” 

with mo Ps cen in, het ier 1115 Bft. e 10 


- * 


E . 


AB a ſailin chariot. This is n cs the wind, by help of 234 
the ſails C, B. Mis the rudder. The wheels muſt be fet at 
a greater diſtance, or the axle · tree made longer, than in com- 
mon chariots, to prevent overturning. Sailing chariots are pro 
per ſor large planes and I countries 3 ; and are ſaid to 
be F in Cbina. | 
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,, GEE EE Wo a 8 TB] 
: BE is a ſoak jack. 'AB is a horizontal wheel, wherein the 
wings or ſails are inclined to the horizon. The ſmoak or rariied 
air moving up the chimney at B, ſtrikes theſe ſails, which being 
oblique, are therefore moved. about the axis of the wheel, toge- 
ther with the pinion C, of 6 leaves. C carries the toothed 
wheel D of 120 teeth, all theſe are of iron. Ea wooden wheel 4 r 
5 inches diameter; this carries the chain or rope F, which turns 
the ſpit. The wheel AB muſt be placed in the ſtrait part of the 
chimney, where the motion of the air is ſwifteſt; and that che 
greateſt part of it may ſtrike upon the ſalls. The force of this 
machine is ſo. much greater, as the fire is greater. The fails B 
are of tin, 6 or 8 in number, placed at an angle of 545 degrees. 
Fs 3 OW EET 


. > JJ) 7 ©» Want: ᷣ ney $6. 40 3 INES a £8 0 25 EA 4? n 
236. An engine to make a hammer ſtrike. the water wheel, 7 
or 8 yards diameter. D, D, the floats. BC the axle, 3 or 4 feet 
diameter. # the hammer 3 or 4 hundred weight, moveable 
about the axis OP. 7, K four coggs in the axis, lifting up the 
hammer as the axis goes round, that it may fall on the anvil A. 
FG a beam of wood acting as a ſpring, to give · the greater force 
to the hammer, MN the courſe of the water down, an inclined 
lane. M the place where it iſſues out. LM the perpendicu - 
ld, the water, 3 yards. All the machine except the 
water wheel is within the houſ mme. 
A hammer may alſo: be made to ſtrike thus; A is the ham 
mer moveable about the point G the axle of a water wheel, 
in which axis are the pins F, E, c. As the wheel and axle goes 
about from F towards E, the pins F, E. thruſt down the end B, 
and raiſe the end 4 of the hammer. And when the end B 
goes off the pin, the hammer falls upon the anvil D. 


Ex, LIIII. 


238. IIa crooked axis or elbow for the ſuckers of pumps. IR the 
peſtle or chain of the ſucker. Upon the axis is the lantern EE, 
which is turned by a great wheel, carried either by water, or 
men or harſes. The peſtles IK rife and fall alternately, as the 
lantern EF goes about; and each gives one ſtroke of the pump 
for one turn of the lantern. Place pullies or rolls at a, b, c, d, 
for the chain IK to work againſt, when it goes out of its perpen- 

| | dicular 


* Wee 
*4 


Sea. XIII. COMPOUND ENGINES. 
dicular poſition; by che obliquiry of the motion of the cranks 
1 Ex. LIV. 


Aοαο particular combination of pullies, 7. T. 7 are poſts 
to which the tackles are fixed. 5, 5, S are ſtays to keep them 


213 
FIG. 
238, 


239. 


erect. If the power at A be 1, that at Bis 33 at C, 9; and at 


D 27, where the weight is placed. 


A, B are two bellows going by water, and blowing alternately, 
but neither of them with a continual blaſt ; the water wheel. 
DE the direction of the water. FG the axis of the wheel; a, a, 
Sc. 4 cogs of wood in the axis, forcing down the end of the 
bellows 4. bb, Sc. 4 cogs forcing down the end of the bel- 
lows B. LM, NT two rods of iron faſtened to the bellows and 


240. 


to the leaver MN, and moveable about the pins M, N. SPA 
piece of timber moveable about & and P. OP a beam ſerving 
for a ſpring, lying over the piece of timber QR. As the wheel 


and axle turns round, a cog 5 forces down the end of the bel- 
lows B, and makes it blow; this pulls down the end M and raiſes 


the end M of the leaver MN, which raiſes the bellows 4. And 


when the cog þ goes off, the bellows B ceaſe blowing; and a 
cop a forces down the bellows. A, and makes it blow; and at 
the ſame time raiſes the bellows B. And thus the cogs a, þ al- 
ternately force down the bellows 4, B, and make them blow in 
their turns. I is the hearth or fire. 

A pair of bellows may be moved by water thus; A is a wa- 
ter wheel, carried by the water at V. CD a rod of iron going 
on the crooked axle-tree of the wheel; DF a leaver moveable 
about E. FG a chain going to the bellows B. Ja weight. As 


241. 


the wheel goes about, the ends D and F of the leaver DF, riſe 


and fall; which motion raiſes the bellows, and the weight 7car- 
ries them down again. | 


E X. - LYL 


AB is a wheel with teeth, and a roller to draw up any weight. 
H, H, H the handles, which may be wrought by two or three 
men. | 1 | ws | 

But the eaſieſt and ſimpleſt rollers for common uſe are ſuch, 
as Cand D. In theſe, as 30 lb. is the weight to be raiſed, ſo 

"Iv" - EY muſt 
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DE AR 1 „ 
_ muſ} he 654 of the axle N to the Jogth of the e for 
a man to work it. 
If a given weight P rai . AF weight V, on ſuch a ma- 
chine as s fig. 30. it will generate the greateſt motion poſſible in 
a given timę; Vben the giameters Ab, Ef, and welght 4805 AY 


"53 ugh quantities, ihat . . EN or when EE == 


For then the motion will be greater, than if auy one 0 4. . 


E) be altered, the reft remaining the ſame, 


And in ſuch a machine as fig. 363 the greateſt motion will be 
generated i in V; if you Dy as en: of WW: velocity of 


P 77 28 5 Li io Fn —_ 22 [1205 * : 4A (8? b N. y; . 


0 i 5 "Es bu. N 


5 to Fray Ty 41 hs; gn b ce 55 
roj AN, . ae gver ulley C. eral 127 
ropes for ſeveral men's 1501 Lat. 4 Wee F.a Nach and. 
e te 89. up. Lhe rammer 4 is bound ar bottom Vith ens... 


- leaſt it ſplif. lage has two. tenants. on. the backſide. 0 beep it in 


* 


the groves, made in the upright puncheons G, H, by Which i its. 
maten is dipeckec. The cammer is raiſcd to the top, by. men 
pulligg at the ropes DX, and then n letting £9 all zt once, it, 
ä falls 200 the head af. the Dk. 
'Ol piles are drawn out, by. iriking gently vpn, their beads, 
waſh they, Are pulled by a f ſtrong ole ag . 7925 17 


Ex. 1. Vin. 


ACL a pair of fmith's zal. Als, BL, CL are three TER 
the middle board BL divides the internal ſpace. intq twh, ports. 
In the middle board is a valve $ opening into the upper part; 
and in the loweſt board is another valve ed open * the un 
der part, The pipe P communicates only with, che upper ca- 
vity. DE a leaver moveable about the axis GH. At Ia weight.” 
is laid upon the upper board to make it fall. The bellows is 
fixed in the frame MK, by two iron, pins, which are faſt in the 
middle board. And the pipe P lies upon the hearth. When 
the end E is pulled down, by the rope EF, the end Dis raiſed, 
and the rope or chain DR raiſes the lower board CL; this ſhuts 
the valve T and opens S, and the air is forced into the upper 
cavity, which raiſes, the upper board, and blows through the 
pipe P. And when E is raiſed, the boards A and C deſcend, 


aad the valve & ſhuts, and T opens. And the weight J forces 
a 


eck. XIII. COMPOUND ENGINES. 
the air ſtill out of the pipe, whilſt more air enters in at the 

valve 7; which, when C aſcends, i$ forctd again through the 
valve S as before. Ang thus the bellows lidye a continual blaſt. 
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An engine to raiſe water. LMO7 a great 
ABP the axis, P the pevot or ſpindle it turns upon. O the 
| waves of the great whecl. M à ſmall wheel perpendicular to 
the horizon, .and placed under the edge of the great wheel : 
this wheel is moveable about the center C, in the end of the 
leaver EFC, which is moveable about che center D; EF the 
arch of # cifole, Whoſe plane is perpendicular to the horizon, 
and in the plane of v > wag. Sb Eo the chain of 4 pump. 
Whilſt the great wheel is turned by the leaver NA, fem © 
towards J, the wave & preſſes down the whiteF R, and faiſes 
the end E, which draws up the water in the pump G. But when 


the deepeſt part of the wave is paſt the wheel QR, the wheel 


then riſes up into the hol S, and then the chain EG defcends, 


till the next wave raifes it again. And thus every wave makes 
a ſtroke of the pump: | f „ 1 
The wheel OR is placed there only to avid friction, and fo 


- that a perpendicular to its plane may paſs through AB. If the 


number of waves be odd, and another pump Wheel and leaver 

be placed diametrically oppoſite, on the other fide of the great 

wheel, then theſe acting by turns will keep the motion unifôrni, 
and the power at MN wilt always act equally. 3 


Ex. LX. 


BEG a capſain, to draw great weights. BC the axis, which 248. 
is driven about by men acting at A, A, by help of the leavers 


AB, AB. Here muſt 6nly Be 3 or 4 ſpires of the rope DCE 


folded about the axis BC; for the axis could not hold fo much 
rope as there is ſometimes occaſion for. And to hinder the 


rope froin ſlipping back, a man conſtantly pulls at E to keep 

it light. And the axis is made conical, or rather angular at 

the bottom C, to keep the rope from going any lower, whilſt 
the capſtain goes about. | 


Ex. LXI. 


A is a jack to lift great weights. E is a pinion upon the 249. 


axis 'FG, GC teothed- wheel, and D a'pitiion upon the ſame 
| 1 axis, 


\ 


horizonal wheel. 247. 
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1 r 76: Ai: thing in he! OO of the 9258 AB. The le 4 * | 
. Cloſed in a ſtrong caſe KL, all of metal. The baude n 
oes on the axis FG on the backſide of the caſe. 
When a weight is to be lifted, the forkt end 4 put a0 
the weight; then turning the handle Hl, the pinion E moves 
the wheel GC, with the pinion D; and = raiſes the rack 4B, 


| with the weight, 5 \ 
5 Ex. LXII. 
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An engine to ai and let fall two weights with eye mo- 5 
tions ſucceſſively, whilſt the moving power acts always one 
way. GH a great horizontal wheel. N, M two lanterns, fo 
placed on the axis AB, that the great wheel can only work one 
of them at once. When the cog wheel GH is turned by. the 
leaver LI, it turns the lamern M, and raifes the bucket E, 
whilſt F deſcends. Then E being raiſed, move forward the 
axis AB, that the lantern M may leave the wheel, and N come 
to it. Then the great wheel moving the ſame way as before, 
will now work upon N, and turn the axis the contrary way, 
and raiſe the bucket F whilſt E deſcends. Which done, move 
the axis back towards 4, and you will again riſe the bucket 
E, and ſo on. 

This may alſo be poformed by placing the lanterns M, N, 
ſo that the great wheel may work them both at once; but 
making them moveable about the axis AB, then there muſt 
be a pin to faſten either of them to the axis; ſo that firſt one 
lantern, and then the other, being thus fixt to the, axis, whilſt 
the other 1s looſe, the buckets E, F will aſcend and deſcend 


alternately. K 3 
Er. 
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A mill for i iron work, AB the flirting mill, CD the plate mill. 

SP the clipping mill. E, Fare two great water wheels. After 

the water is paſt the wheel E, moving in direction W,, it 

comes about to the wheel F, in direction W. The water 

wheel E, with the lantern G on the ſame axis, carries the ſpur 

wheels M and H, with the cylinders B and D. And the wheel * 

F with the lantern J, carries the wheels N and K, with the cy- 

linders Aand C. The cylinders A and B, as alſo C and D 

run contrary ways about. And the cylinders Aand B are cut 

into teeth, for ſlitting iron bars. C, D are 8 inches diameter; 

4A and B about 12. And theſe cylinders may be taken out and 

others put in, and may be brought nearer to, or farther from 
- ur 


251. 
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the board AD, and is kept from flying out of the hole, by 


Sea. XIII! COM POUNDłC ENGINES. 217 


one another; by help of ſcrews, which'ſcrew up the ſockers where x i 6, 
the/axles run. The axles of NV, I, K lie all in one horizontal 251. 
plane. And ſo does M. G, H. But the cylinders A, B, and 


* 


Alo C, D, lie due bore mötb ert. | 
For making the plates; if a bar of iron be heated and made 
thin at the end, and that end put in between the cylinders C, D, 
whilſt the mill is going; the motion of the cylinders draws it 
through, on the other fide, into a thin plate. Likewiſe a bar 
of iron, being heated and thinned at the end, and put in be- 
tween the toothed cylinders A, B; it is drawn through on the 
other ſide, and lit into ſeveral pieces, or ſtrings. And then if 
there be occaſion, any of thefe ſtrings: may be put through the 
late mill with the fame heat, and made into plate. 
OP is the ſheers for clipping bars of cold iron into lengths. 
a cog in the axis of the water wheel. OP one ſide of the 
ſheers made of ſteel, and moveable about P. The plane LPR 
is perpendicular to the horizon. When the mill goes about 
the cog / raiſes the ſide OP, which as it riſes clips the bar 7 8 
into two, by the edges SP, RP. All the engine, except the 
water wheels E, F, is within the houſe. J. X ett" 


AFC a windmill to frighten birds from corn or fruit. This 262. 
is made of wood. The fails F, F a foot long, and their planes 
inclined to the axis NN, 45 or 50 degrees. The piece B goes 
upon the end of the axis Fc, and is pinned faſt on, and the 
ſails and axis turn round together; and the axis goes through 


the piece B pinned faſt. The whole machine is moveable a- 
bout the perpendicular ſtaff AG, by which means the wind turns 
the mill about the axis AG, till the plane FD lies directly from 
the wind; and then the ſails face it. At S is a ſpring © 
knack as it goes about; and the like on the other ſide. -- | 
£3 „ nn. %. ain g 


Ex. LXV. . 


An anemoſcope, to ſhow the turnings of the wind. CD is a 253. 
weather cock of thin metal, fixt faſt to the long perpendicular 
axis DF, which turns with the leaſt wind upon the foot F, 
and goes through the top of the houſe RS. To this axis is fixt 
the pinion A, which works in the crown wheel B, of an equal 
number of teeth. The crown wheel is fixt on the axis PI, on 
the end of which the index NS is fixt. The axis PI goes 
a > & through 
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through the wall L. M, againſt the wall is placed the circle 


NESW, with, the points of the compaſs round it. Then if the 
vane CD be ſet to the north, and at the ſame time the .index 
SN fixt on the axis PI, to point at S. Then however the 


uind varies, it will turn the vane CD, and pinion A; and 4 


turns the wheel B with, the. index, M, ſo that the index will 
always be directed to the oppoſite point of the compaſs to the 
vane DC; or to the ſame as the wind is is. 
1 fr $68 W +4. E x. LXVI. 1 
Ln wa "Ip : | 36: 77% Pe wat hk 
DEF is a rag-pump, or chain-pump, EF the borrel, CD 
the roller. ,GH an endleſs chain, to which are fixt ſeveral lea- 
ther buckets J. I. hollow on the upper ſide that aſcends. : AB 
the handle. The uſe of this is to cleanſe foul waters from dirt 
and rubbiſh. | The roller is ribbed to hinder the chain from 
ſlipping, in working. When the roller is turned, it draws up 


* 
« 


the chain through the pump, with whatever is ia the water, and 


diſcharges it at the top. Inſtead of the roller CD, a wheel like 


a trundle may be uſed, called the rag wheel. 
E LXVN. 


A dyer's and fuller's mill. A the great wheel carried about 
by horſes, This turns the trundles B, C, D; together with 
E. F, G. Then E turns the cog- wheel H, with the axis: IK, | 
and the croſs pieces L., L.; 1, 1, fc. are pullies or. rollers. 


4, MN wooden beaters, turning upon an axis paſſing through 


N. Whilſt the axis IX turns about, the end þ ſlides along 
the pulley x ; and falling off, the part ſtrikes againſt the 
cloth in the trough at O, O. The Lantern, F carries the cog: 


| wheel P. and the cranks Q, L. which work the pumps 7, 7 


by belp of the leavers RS, moveable about 3. The trundle G 


carries the cog · wheels / and V., and V carries the trundie I, 


with the piſton Y that grinds the indigo in the veſſel cd; 
from whence it flows to the veſſel Z. The ends m, n, c. of 
all the axles, run in pieces of timber going croſs the mill, and 


faſtened to one another and to the walls of the houſe. 
A machine to empty ſtanding waters. This is no more than 


a large pipe or ſyphon ABC, being extremely cloſe and tight 
that no air can get in. 5 5 


— 
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If the pool of water DE is to be emptied over the hill BH; p 1 6. 
let the pipe be plaeed with its mouth A within the water DE, 2 56. 


and the mouth C. within the water F, if the pipe be very 


large. Then ſtop up A and C, and fill the pipe with water 
by the cock B at the top. Then ſtopping the cock B very 
cloſe, open A and C; and the water will flow through the pipe 
from DE into FG, which may run over at F, at a ſmall height 


above C, and go away. 7 

Note, the end C mvſt always be lower than A, and the 
height of the top B above DE muſt not exceed 11 yards; for 
if it do, the water will not flow. If the pipe be very ſtra t, 
the end C need not be immerſed in the water; but if large it 


muſt; or elſe the air will inſinuate itſelf into the pipe at C, and 


hinder the flux of the wate. 
| Ex. LXIX. | 
| EFGH is a coal ginn. E the cog-wheel 1r feet diameter, 


and 72 cogs : this carries the trundle F, near 2 feet diameter, 


and 12 rounds, together with the roll G, 4 feet diameter. AH 
is the ſtart 20 feet long. The axis 4B runs upon the kevy- 
| ſtock C. There are two croſs trees IX, at the top, through 

which the axis AB goes. Theſe croſs trees are ſupported by 
four poſts KL at the four corners. When the coals are to be 
drawn up out of the pit, two horſes are yoaked at H, and go 
round in the path OD, and draw the wheel about. And 


whilſt the loaded eorf N, is drawn up to the top of the ſhaft 


M, by the rope going round the roll; the empty one at the 
other end of the rope, is deſcending to the bottom. And the 
loaded corf IN being taken off, and an empty one put on, the 


257. 


horſes are turned, and made to draw the contrary way about, 


till the other corf comes to the top loaded : and ſo as one 
corf aſcends, the other deſeends alternately. A corf of coals 
weighs about 5 hundred weight, and contains about 4 f buſhels. 
A pit is 40 or go fathom deep. And 50 fathom! of the rope 
weighs about 3 hundred weight. | 


A worm jack for turning a ſpit. ABC the barrel round which 
the cord M is wound. KL the main wheel of 60 teeth. I the 
worm heel of about 3o teeth cut obliquely. LM the pinion 
of 15 or 16, O the worm or endleſs ſcrew, on. which are two 
threads or worms going round, and making an angle with the 

| . axis 


258. 
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F1G. axis of we 75 degrees. & the ſtud, Z the loop PR worm 
288. FN indle. Pa heavy wheel or fly to make the motion uniform. 

G the ſtruck wheel fixt to the axis FD. , & ſeveral holes in 
the frame, to nail it to a board, which is to be nailed againſt 
a wall; the end D going through it. HF the handle, going 
upon the axis ET, to wind up the weight when down. N are 
fixt pullies, “ moveable pullies with the weight. The axis 
ET is fixt in the barrel AC, and this axis being hollow, both 
it and the barrel turn round upon the axis FD, which is fixt 
to the wheel XL, turning in the order BTA; but cannot turn 
the contrary way, by reaſon of .a catch nailed to the end AB, 
which lays hold of the croſs bars in the wheel LX. or 

The weight, by means of the cord M. carries about the 
barrel AB, which by means of the catch, carries the wheel XL, 
which carries the nut LM and wheel NM, which carries the worm 
O with the fly P. Alſo the wheel LM carries the axis FD 
with the wheel DG, which carries the cord or chain that goes 
about the ſpit head (a wheel like DG) which turns the ſpir. 
The more pullies at R and V, the longer the jack will go; 
but then the weight muſt be greater. 

The catch lies between the end ABB of the barrel and the 
wheel KL, and is thus deſcribed: ff the barrel, » the main 
ſpindle : dr a tumbler moving eaſy on the center pin a, faſtened 
to an iron plate, nailed to the barrel: 3 a collar of iron, turn- 
ing a little ſtiff on the ſpindle ; from this proceeds the tongue 
bc, paſſing through the hole c in the tumbler: r the catch of 
the tumbler. Now whilſt the barrel with the catch is turned 
about, in the order eg, upon the axis ; the collar is drawn 
about by the tongue bc, which tongue acting backwards, turns 
the tumbler about the center a, and depreſſes the catch r. But 
the barrel being turned the contrary way, the tongue then acts 
towards d; this depreſſes the end d, and raiſes the catch r, which 

then takes the croſs bars of the main wheel, and ſtops the barrel. 
This catch would alfo ſerve for a clock, and is better than a 
ſpring catch, becauſe it makes no noiſe in winding up. | 

Note, the jack need not be placed fo, that the axis FD be 
parallel to the ſpit; but any way it can conveniently. For it 
is no matter whether the chain croſſes or not. 


Ex. LXX I. 


DAF the Bydroftatical bellows. AB, EP, two flat boards of 


oak ; the ſides AE, BF, of leather, joined very cloſe to the top 
and 
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and bottom, with ſtrong nails. * Pipe enen into the 's 1 6. 
piece of braſs... in the top at. C. 259. — 


If a man blows in at the —— DC. be will "mlb a great : 
weight laid upon the board 4B. Or if he ſtands upon the board 
AB, he may eaſily blow himſelf up. by blowing ſtrongly into 
the pipe DC. It water be poured in at D, till the bellows and 


pipe be full, the preſſure upon AB within, will lift as much 


weight upon the top AB, as is equal to. a x. cylinder of water, 


whoſe bale is AB and height CD. 
Ex. LXXII. 


ADM is a water-mill for grinding corn. A the water- wheet 260. 


16 feet diameter, BC its axis. O the cog-wheel, with 48 cogs. 


O a trundle, with _ LI its axis. M,. N the fones 6 or 


7 feet diameter. The lower ſtone N is the her, being fixt im- 
moveable upon beams of wood; and the upper ſtone is the 
runner, and is faſtened to the /pindle LI, by a piece of iron 
called the rind, fixt in the lower fide of the ſtone, to go ſquare 
upon the ſpindle ; berween which and the ſtone, there is room 
left for the corn to fall through upon the lower ſtone, © The 
ſpindle goes through the lower ſtone, and is made fo tight with a 
wooden $ufþ, as to turn round in it eaſily. The upper ſtone, with 
the ſpindle LI, is ſupported on the end J, upon a horizontal 
beam of wood FE, called the bridge; the end F being fixr, 
and the end E lying upon the beam H, fixt at G, called the 
brayer or bearer. The end H is ſupported by the lifting- tree 
HK, by help of a wedge at K. By this means, the upper ſtone 
may be raiſcd or lowered. For if XH be raiſed with the leaver 
Kk, the end E, the axis LI, with the ſtone AM, and the piece 
GH are all raiſed, and may be fixed there by the wedge K. 
Thus the ſtones may be ſet as near or far off as you will. 
The lower ſtone is broader than the upper ſtone, and 1s fea- 
Ibered, or cut into ſmall channels, to convey the flour out; 
and is encloſed with boards all around as ab, cloſe to the lower 
| ſtone, and above the edge of the under one, to keep the meal 
in. And through one ide of the boards is a hole called the 
mill-eye, through which the meal runs out into a zrough. 
The ſurfaces of the mill-ſtones are not flat, but conical; ; the 
upper one an inch hollow, the under one ſwells up +4 of an 
inch : ſo the two ſtones are wider about the middle, and come 


nearer and nearer towards the outſide ; which gives room for 


the corn to go in, as far as 4 of the radius, where it begins to 


be ground, The upper ſtone has a 2 motion up and 
| down, 


. ͤ —˙ Ü 
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DESCRIPTION "op. 
down, by the ſpringing of the bridge, which hetpants” grind. 
the corn. The flour, as ſoon as made, is thrown to the out- 
ſide, by the circulation of the ſtone and the air, and driven out 
at the mill- eye. The quantity of flour ground, is nearly as 
the velocity and weight of the ſtone. The ſtone ought not 1 5 
go round above once in a ſecond, for bread corn. : 

The corn is pur into the hopper S, which falling Jon into 
the ſboe TY, runs into the hole at the top of the ſtone M. The 
axis LM is mdde with 6 or 8 angles; which, as it turns about, 
ſhakes the end / of the ſhoe, and ws the corn always run- 
ning down. The axis LM may be taken off, P is the di- 
rection of the water, which acting againſt the — R, carries 
about the water-wheel A. and cog-wheel D, which cog- wheel 
carries the lantern or trundie O, and the upper ſtone M that 
grinds the corn. 

Sometimes one water. wheel A, carries 2 pair of ſtones, and 
then 2 cog-wheels as D, are put into the axis BC, which carry 
two trundles with the ſtones. - Otherwiſe the cog-wheel D car- 
ries 4 trundle O, and ſpur- wheel; which ſpur-wheel carries 2 
lanterns with the ſtones, one lantern on each ſide the wheel. 
Or ſometimes, the ſame cog-wheel D carries another lantern 
and cog-wheel, whoſe axis is parallel to the horizon; and this 
cog-wheel carries another lantern with the ſtones. And the 
trundle is ſuch, as to make the blue ſtones, or thoſe that grind 
wheat flour, go near twice as ſwift as the grey ſtones do. In 
theſe caſes, when one pair of ſtones is to ſtand ſtill, there is 
either a looſe rung to be taken out of its lantern, or elſe the 


bridge EF is ſhifted towards H, till the lantern O be clear of D. 


The diameter of the water-wheet A muſt not be too large; 
for then it will move too flow; nor too little, for then it will 
want power. When a mill is in perfection, the velocity of the 
floats, wings, or hands R, upon the water-wheel muſt be + 
the velocity of the ſtream. | 

The higher fall the water has, the leſs of it will ſerve to 


carry the mill. In an underſhot mill, where the water comes 


underneath the wheel, it is brought by a narrow channel called 
the mill race. The water is kept up in the mill dam, aid let 


out by the penſtock, when the mill is to go: and the penſtock 


is raiſed or let down by help of a leaver. The penſtock being 


_ raiſed opens a paſſage to the water, 10 or 12 inches wide, 


through which it flows to the wheel. And when the mill is to 
ſtop, the penſtock is let down, and the orifice ſtopt. 
When the water.comes underneath the wheel, it is called an 
underſbot mill. But if it comes over the wheel (as in fig. 282.) 
1 . it 
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it is called an ourrfal or overfoot mill. This'tequires leſs water 2 1 0. 
than an underſhot mill ; but there is not comvehlence in all 260. 
places to make them. The water is brought to the wheel of | 
an overfal mitt, by a trough; Which is turned aſiqde, to throw 
the water off the whee}, When the mill does net go. 

A breaſ mii is that where the water is delivered into boxes, 
at about the height of the axis of the wheel, and moves the 
wheel by its weight. .. This requires more water than either of 

the other ſorts. SIE HIV F Ht 22 CTU; 
2A good:overfal mill will grad 2 f or 3 buſhels of corn in 
an hour; and in that time requires 100 hogſhezds of water, 
having 10 or 12 feet fall 1 M7 TEE e n Og 
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is a trap to catch vermin, made of boards. GH a piece 261. 
of wood ſuſpended over the bar IL, by the leaver DE, move- | 
able about D; and the thread FE, tied to the ſtart CK. ImB 

a piece of flat wood, moveable about i, and lying on the bot- 

tom, whoſe end B comes through a hole in the ſide, in which 

is a catch to take hold. of the end K of the ſtart, when the 

trap is ſet. When the vermin go into the trap, they tread 

upon the board n, on which's bait is laid, which puts down + 
the end H, and the ſtart CM flies apt This gives liberty to 

the rod DE to riſe up; then the piece of wood GH falls down, 

and knocks them on the head. If two pieces of board were 

nailed on the ends G, H; to reacly below che piece of wood 

GH, the trap would take the vermin alive. 

BE is another trap, the end B is wire; and the end A 262. 

Nides up and down in two groves in the ſides. When the trap 

is ſer, the end A is ſuſpended by the thread CD, tied to the 

rod DI, moveable about O, the end I being held by the crooked 

end of the wire J, moveable about R, the end RS going 

within the trap. A bait is put on the end at S, and the end E 

of the trap being open, the vermin goes in and pulls at the 

bait &, this pulls the catch'/ from off the end of the leaver ID, 

which lets the end A fall down; and the vermin is taken, 
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An engine for moving ſeveral /aws for the ſawing of ſtones, 263. 
Sc. ILL is a ſquare frame, perpendicular to the horizon, mov- 
ing in direction LL, in gutters made in the fixed beams AM. 
CB; and running upon Iittile wheels, IL two rods of iron fixed 
at 
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71 6. at T _ L. h,. hands of iron. running along theſe rod; 


"Rog 


264. 


266. 


to theſe are fixed the ſaws 5, S. HIK is a triangle fixed to the 


axis of a great Wheel. As the wheeljand triangle go about from 


Hl towards 4, the point 1 acting againſt the piece: G, moves the 


frame towards MB, together with the ſaws $, S. When I is gone 

off, the angle K acts againſt the piece F, and moves the frame 
back again. Then H acting againſt G, moves it forward; and 
ſo the laws are moved back and forward, as long :as the whoel 
turns round. As theſe ſaws work by the motion of the engine, 
the hands op deſcend. 'Fhe parts, F and G ought tobe made 


curve; ang little wheels may be applied at the points of the tri- 
angle H1IK, to take away the friction againſt # aud G. The 


axle of the wheel may be made to carry more triangles, and 
work more ſaws, if the power is ſtrong enough. | 
Inſtead of the triangle HIK, the frame may 2 moved by the 
two; pieces as; cd; going through the axis, -acrpfs! to one an- 
other. So that ab may only act on F, and cd on G. F being 
only in the plane of 40's motion, and & in that of ed. So that 
F. ener en in the way of ca, nor G in the away : ;of 65. 
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E. LXXV. 6 


41s an \ eolipile. | This is;a hollow globe wt braſs, with 20 
very ſmall hole at the mouth. Takeſit by the handle B, and ſet 
it on a fire till it is heated; then plunge it in cold water, and the 
air in it which was rarified, will be condenſed; and water will 
go into it, till it be about half full. Then if it be ſet on the 
fire, the water will turn into vapour by the heat, and will blow 
out at the mouth with great Melencen 3 . continue fo till the 


water is ſpent; ien 
1% Er. LXIVI. 


43D is a ue Bc i is an index dna * the (therm) 
ſtring AB, the point, B hanging over the center of a circle, which 
is divided into equal parts. The ſtring AB twiſts and untwiſts 
by the moiſture or dryneſs of the air. By this means the index 
BC turns abour, and ſhews the gens of drought or moiſture, 


on the circumference OO. 
= = 


3 
Ex. LAXVIL | Cir 


A windmill. AHO the upper room, HOZ the 38 one. 


AB the axle- tree, going quite through the mill. STYF the ſails 
covered 
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covered with canvaſs, ſet obliquely, to the wind; and going p16. 
about in the order 87, their length about 6 yards, and 266. 


| breadth 2. CD the cog-whteel, of about 48 cogs, a, a, a; 

which carries the lantern EF, of 8 or 9 rounds, c, c; and its 
axis GN. IK the upper ſtone or runner; LM the lower fone. 
9R the bridge, ſupporting the axis or ſpind'e GN. The bridge 


is ſupported by the beams cd, Y, wedged up at c, d, and X. 


Z the lifting tree ſtanding upright : ab, ef, leavers whoſe centers 
of motion are Z, u: fp hi a cord with a ſtone i i, for a balance, 
going about the pins g Nh 1 he ſpindle MN is fixed to the upper 
| ſtone IK, by a piece of iron. called the rind, fixed in the un- 
der ſide of the ſtone. The upper ſtone only turns about, and 
its whole weight reſts upon the bridge R, and turns upon a 
hard ſtone fixed at V. The trundle EF and axis Gt may be 
taken away; for it fixes on the lower part at f, by a ſquare 
ſocket, and the top runs in the edge of the beam . Putting 


down the end F of the leaver fe, raiſes b, which raiſes ZY, which 


raiſes YA, and this raiſes the bridge 9R, with the axis NG, and 
the upper ſtore IK; and thus the ſtones are ſer at any diſtance. 
The lower ſtone is fixed immoveable upon ſtrong beams, is 


broader than the upper, upon which boards are placed round. 
the upper at a ſmall diſtance, to confine the flour from flying 


away; and the flour is conveyed through the tunnel uo down 
into a cheſt, . P is the Hopper into which the corn is put, which 
runs along the ſhoe or ſpout r into the hole 7, and ſo falls be- 
tween the ſtones where it is ground. The axis Gt is ſquare, which 
ſhaking the ſpout 7 as it goes about, makes the corn run out: 
1s a ſtring going about the pin 5s, which being turned about, 
moves the ſpout nearer or further from the axis, and ſo makes 
the corn run in faſter or ſlower, according to the wind. And 
when the wind is great, the ſails S, 7, V, , are only part of 
them, or one fide of them, covered; or perhaps only a half of 
two oppoſite ſails T, Ware covered. Towards the end B of the 
axle-tree is placed another cog- wheel, trundle, and ſtones, with 
exactly the ſame apparatus as before. And the axle carries two 
pair of ſtones at once. And when only one pair is to grind, the 
trundle EF and axis Gt is taken out from the other: hl is a girth 
of pliable wood, fixed at the end x; and the other end ! tied to 
the leaver æm moveable about æ. And the end n being put 
down, draws the girth xy/ cloſe to the cog-wheel, and by this 
means the motion of the mill is ſtopt at pleaſure : f4 is a ladder 
going into the higher part of the mill. The corn is drawn to 


the top, by means of a rope going about the axis AB, won the 


mill is going. 
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- 326 DASCRIPTION, or” 
„ice. In wills built of wood, the whole body of the mill turns 
wa round to the wing, on a tampin or perpendicular poſt. But in 
thoſe of tone, only the upper part turns; the roof is the ſurface 
of a cone; there 1s a wall plate of wood upon the top of the 
| wall: in this a channel is cut quite round, in which are ſeveral 
braſs rollers. The roof has a wooden ring for its baſe, which 
exactly fits into this channel; and the roof is eafily moved round 
upon the rollers, by help of a rope and windlafs. Np 
: In the wooden mill, 1 is the mill houſe, which is turned 
EY: | about to the wind by a man, by help of the Jeaver or beam 2. 
£ | 3 2 a roller to ho'{t up the ſteps 4. 5 
Concerning the poſition and force of the ſails, ſee Ex. 21, 


before. | 
Ex. EXXVIII. 


267. AB a force pump. C the piſton fixed to the rod EC, move- 
able about E. DF the handle moveable about D. a. d two 
glacks or valves opening upwards. The piſton C muſt move 

freely up and down in the barrel, and exactly fill it, that no air 
p get in. *Tis made cloſe by circular pieces of leather cut to fit 
the barrel, and ſcrewed cloſe between pieces of braſs. This pump 
acts by preſſing down; for when the handle F is raiſed, it raiſes 
the piſton EC, and the water riſes from H, opens the valve d, 
and goes into the barrel, at the ſame time the valve a ſhuts. 
But when F'is put down, the piſton C preſſing upon the water, 
ſhuts the valve 4, and opens a, and forces the water, that has 
been raiſed, through the pipe BG. The piſton C muſt nor be 

| above zo feet from the water in the well. 

268. LM 1s another force pump, or a lifting pump. N the bucket. 
4, C, c valves opening upward. I his pump is cloſe at the top 
S, and the ſmall rod of iron plays through a hole made tigbt 
with leather. This pump acts by forcing upwards; for when 
the handle P is put down, it lifts up the bucket N, the preſſure 

ſhots the valve &, opens c, and forces the water in the barrel 
NS along the pipe QR. At the ſame time the valve à opens, 
and lets in more water from M into the barrel, And when P 
is railed, N deſcends, the valves a, c ſhut, and & opens, and 
lets more water pals into the bucket N, through the upper part. 
And when the bucket N is drawn up again, the water is forced 
along the pipe M as before. This pump is the ſame as a lift- 
mg pump, only there is added the valve c, which is not abſolutely 
neceſſary. No hole or leak mult be ſuffered below the piſton or 
bucket ; for air will get in, and ſpoil the working of the pump. 
And the bucket mult always be within zo feet of the water. 
* | In 
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In theſe pumps the bore at Hor M. through which the water 

riſes, ſhould not be too ſtrait; the wider it is, the faſter the 

water aſcends. Nor ſhould the pipe BG or QR, that diſcharges 


the water, be too ſtrait; for then the pump will work flower, 


and diſcharge leſs water in a minute, or require more force to 
work it. For the calculation of a pump, ſee Ex. XXII. 


| There are ſeveral forts of valves uſed in pump work; as T, V, 


W, that at T being made of two pieces of flat leather, is called a 
clack. Theſe at /, are made conical, or of any indented fi- 
gure, and fit exactly into a hole of the ſame ſhape. At the bot- 


tom of the valve is put a pin acrofs it, to hinder its flying quite 


out pf the hole, Ss 
Ex. LXXIX. 


AB a bydrometer, to meaſure the denſities of liquors, eſpecially 
ſpirituous liquors. - This is a hollow ball of glaſs, B, partly filled 
with quickſilver or ſhot ; and hermetically ſealed at the top A, 
when made of a due weight, M trials. The ſmall cube 4B is 
divided into equal parts, anWgpraduated at equal diſtances, 
And theſe diviſions noted ro Mich it ſinks in different fluids of 
the beſt ſorts; which points muſt be taken as ſtandards to com- 
pare others with. Then if the hydrometer be immerged in any 
fluid, and the point to which it ſinks in the ſurface be marked, 
it ſnews the denſity of it, and its Ley For it ſinks deepeſt 


in the lighteſt liquot : and the lighteſt liquids are the beſt. 
"Ex, LEXKE 


AB is a thermometer, to meaſure the degrees of heat. B is 
a glaſs ball with a long neck AB. The ball and part of the 
neck is filled with ſpirit of wine tinget red with cochineal ; and 
the end A is ſealed hermetically ; in the doing of which, the end 
of the tube A, the ſpirit and included air, are heated, which ra- 
rifies the air and ſpirit; ſo that when the end A is ſealed, and 
the tube cools, the ſpirit contracts, and there is a vacuum made 


in the top of the tube. And therefore the ſpirit expanding and 


contracting by heat and cold, has liberty to riſe and fall in the 


tube. This ball and tube is encloſed in a frame, which is divid- 


ed into degrees. Then as the top of the ſpirit riſes or falls, the 
diviſions will ſhew the degrees of heat or cold. Theſe divifions 
are arbitrary, and therefore two thermometers will not go to- 
gether, or ſhew the ſame degrees of healt and cold; except they 
be made to do ſo by graduating them both alike by obſervation. 

| N G g 2 e This 
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DESCRIPTION. OF 


Thisiscom monly put in the ſame caſe with the barometer, fig. 218. 

There are other ſorts of thermometers... CD is a ball with 
a long neck open at the end D, partly filled with tinged ſpicit 
of wine, and put with the open end into the veſſel D, near the 
bottom; which veſſel is half full or more, of the ſame ſpirit. 
The top of the tube CE is air. So in warm weather, when the 


air in C is rarified by heat, it preſſcs the ſpirit down into the 


bucket D, and as the point E deſcends, the diviſions being 
marked, ſhew the degree of heat; or when it aſcends, the de- 
grees of cold. But this ſort is affected with the preſſure of the 
aimoſphere, and therefore is not ſo true. | 


DD aa 
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Ex. LXXXI. 


DA is an artificial fountain. AE a ſtrong cloſe veſſel of me- 
tal, AB a pipe reaching near the bottom ot the veſſel, and ſol- 
dered cloſe at 4. F, Atwo cocks. If the cocks be opened and: 
water poured in at A, till the veſſel be about half full, Then 
ſtop the cock F, and with a ſyringe inje& the air at 4, till it. 
be ſufficiently condenſed within the veſſel, Then ſtop the cock 
at A, and take away the ſyringe. Then as ſoon. as you open 
the cock at A, the compreſſion of the air at C will force the 
water up the tube BY, and ſpout up to the height D; and a. 
little ball of cork may be * ſuſpended at the top of the 
ſtream D. | 

But an artificial fountain is moſt eaſily made thus; take a 
ſtrong bottle G; and fill it half full of water. Cork it well, 
and. through the cork, put a tube HI very cloſe, to reach near 
the bottom of the veſſel. Then blow ſtrongly in at H, till the 
air in the bottle be condenſed ; then the water will ſpout out at 


H to a great beignt. 


Any of thele fountains placed i in the ſun-ſhine, will ſhew all 
the colours of the rainbow; a black cloth being placed behind. 


Ex. LXXXII . 


CpD is Archimedes s water ſcrew. This is a cylinder turning 


upon the axis CD. About this cylinder there is twiſted a pipe, 


or rather ſeveral pipes no, pq running ſpiral.ways from end to end. 
This cylinder is placed higher at one end D, than at the other. 
And its uſe is to ſcrew up the water from the lower end to the 
higher. 4B is a river running in direction AB. a, b, c, d ſeve- 
ral floats fixed to the cylinder. EF the ſurface of the water. 


Since the cylinder ſtands in an inclined poſition, the upper * 
ä 4, & 
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a, h are ſet out of the water, and the under ones c, d within it; 
So that the water acts only upon the under ones c, 4; and turns 
about the cylinder in the order a, b, c, d. By this motion the 
water taken into the ſpiral tubes at the low end, is by the 
revolution of the cylinder, conveyed through theſe pipes, and 
diſcharged at the top into the veſſel G. If AB is a ſtanding wa- 


ter, there is no occaſion for the floats a>+c d. And then the 


cylinder is to be turned by the handle at D. Inftead of the 
pipe, a ſpiral channel may be cut round the cylinder, and co- 
vered cloſe with plates of lead. The cloſer theſe ſpiral tubes 


are, the more water is raiſed, but it requires more force. Allo. 


the more the cylinder leans, the more water it carries, but to a 
99750 Ex. LXXXIII. 


W is a rolling preſs, for copper- plate printing. DE, FG, 
two wooden rollers, of about 12 or 16 inches diameter, run- 
ning upon the ends of two ſtrong iron axles, that go quite 
through them, and are fixed in them. To the axis of the up- 


per one DE, is fixed the handle BAC. Theſe rollers run in 


braſs ſockets, and muſt. run very true upon their axles, and 
may be brought nearer, or ſet further from one another, by 
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wedges, in the frame at P, R. HMis a flat table or plank, 


going in between the rollers, and ſliding freely upon the frame. 


LM the frame. NO a ſhelf to lay the paper upon. When 


the preſs is uſed, the upper roller is folded round with flannel, - 


that every part of the print may take an equal impreſſion; and 


a paper bottom, ſpread upon the table H1K, where the plate is 


to lie, to prevent the indenting of the plank ; then warming 
the plate well over a charcoal fire, and rubbing it with the ſorr 


of ink proper for it, and laying it upon the paper bottom, on the 


table at H. Take the printing paper, and laying it carefully up- 
on the plate, and turning the handle CAB, the motion of the 
roller DE turns the roller FG,. and draws the table through 
between the rollers, together with the plate and paper; and the 
paper is printed, | LET” 

Note, the paper muſt be thoroughly wetted in a trough; and 


after it has laid about a day or two, it is then to be paſſed 


through a ſcrew preſs, to ſqueeze the water out, and then it is 
fit for printing. 1 5 
The ink made uſe of for printing copper - plates, is made of 
the ſtones of peaches. and apricots, the bones of ſheeps feet 
and ivory, all burnt; this is called Francfort black. This 
muſt be well ground with nut oil, that has been well boiled; and 


then. 
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DESCRIPTION or | 


1 0. then it is fir for uſe, But che beſt ink is ſaid to be brought from 
5 eee e Ex. LXXXIV. 
3 . | 274. The fre engine to raiſe water. £4 is a great beam or leaver, 


about 24 feet long, 2 feet deep at-lcaſt, and near 2 feet broad. 
It lies through the end wall # of the engine houſe, and 
moves round the center a, upon an iron axis. CC a hollow y- 
linder of iron, 40 inches diameter, or more, and 8 or g feet 
long; P the piſton ſultained by the chain LP. F the Fre- place 


under ground; BB the boiler 12 feet diameter, which commu- 


nicates with the cylinder, by the hole 2, and throat pipe E, 
6 or 8 inches diameter. The boiler is of iron, and covered 
over cloſe with lead: in this, the water is boiled to raiſe a 
ſteam. 45 is the regulator, being a plate within the boiler, 
which opens and ſhuts the hole of communication 2; this is fixed 
on the axis 34 coming through the boiler, on which axis is fixed 
the horizontal piece g, called the /panrcr; fo that moving 5 
back and forward, moves the plate 45 over the hole 2, and 


back again. is a horizontal rod of iron, moveable about the 


Joint B. ꝓedl a piece of iron, with ſeveral claws, called the 
Tye, moving about the axis de, in a fixed frame. The claw 5/ 
is cloven at /; and between the two parts, paſſes the end of »/, 
with two knobs to keep it in its place, AA is the working beam, 
in which is a ſlit, through which the claws xy paſs, and are kept 
there by the pin q going between them. DDD is a leaden pipe, 
called the inje#ton pipe, carrying cold water from the ciſtern S, 
into the cylinder CC, and is turned up at the end within the cy- 
linder. F the injection cock, to which is fixed the iron rod fp, lying 
horizontal. The end p goes through a ſlit, in the end of the 
piece 7g, and on the end is a knob icrewed on, to keep it in. 


' pcbrg a piece of iron with ſeveral claws called the ef, moveable 


about the axis bc. The claw rp goes through the ſlit in the 

beam AA, and is kept there by the two pins o, 1: the claw rg 
goes over the piece gf. as the piece gf is moved back and for- 
ward, the injection cock F opens and ſhuts. 1, 1 Sc. are ſeve- 
ral holes in the beam AA, that by ſhifting the pins, ſerve to ſer 
the pieces p, x, y, higher or lower, as occaſion requires. N is 
the /niffing clack, ballanced by a weight, and opening outwards, 


to let out the air in the cylinder, at the deſcent of the piſton. In 


ſome engines a pipe goes from it to convey the.ſteam out of the 
houſe. & is a leaden pipe, called the ſinting pipe, or eduction 
pipe, going from the cylinder to the bot well I; it is turned up 
at the end, and has a valve opening upwards; this carries away 

i | the 
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the water thrown in by the cold water pipe, or injection pipe. x 16. 


t is the feeding pipe, going from the hot well to the boiler, to 274. 


ſupply it with water, by a cock opening at pleaſure. i, i are two 
gage pipes, with cocks, one reaching a-little under the ſurface of 
the water in the boiler, the other a little ſhort of it. Ry open- 
ing theſe cocks, it is known when there is water enough in 
the boiler ;; for one cock will give ſteam, and the other water 
they ſtand in a plate, which may be opened, for a man to go 
into the boiler, to clean or mend it. m is the puppet clack ; 
from this a wire comes through a ſmall hole, to which is 
fixed a thread going over a pulley, with a ſmall weight at it; 
the weight on the clack mz is about a pound for every ſquare 
inch. XZ the ſteam pipe going from the clack, out of the houſe. 
When the ſteam in the boiler is too ſtrong, it lifts up the pup- 
pet clack m, and goes into the ſteam pipe XZ, by which it is 
conveyed away; otherwiſe the boiler would burſt. KK a pipe 
carrying water from the ciſtern 5, into the cylinder, to cover 
the piſton ta a good depth. Za cock opening to any wide- 


neſs, that the water may run in a due quantity; M a hole to 


let it out, through a pipe, into the hot-well H, when there 
is too much. V a force pump, with a bucket and clack, 
and two valves opening upwards. This pump is cloſe at 
the top R, and being wrought by the leaver LL, it brings 
water out of a pit, into the ciſtern d. Q the pit where water 


is to be raiſed. X. A, the ſpears which work in wooden pumps 


within the pit. The cylinder is ſupported by ſtrong beams ag 
7, 8, going through the engine houſe; 6, 6 is the, firſt floor; 
7, 7 the upper floor. At O, im the end of the beam CL, there 
are two Pins, which ſtrike againſt two ſprings of wood, fixed 


to two timbers, lying on each fide the great leaver LL; theſe 


pins ſerve to ſtop the beam, and hinder the piſton coming too 
low in the cylinder. 

When the engine is to be ſet to work, the water in the 
boiler muſt be made to boil ſo long, till the ſteam is ſtreng 


enough; which is known by opening the cocks i, i. Then the 


hole 2 is opened, by moving the ſpanner 23 by hand; then 
the ſteam is let into the cylinder, which lets that end of the 
beam LC riſe up; this raiſes the working beam Ad, moves 
the eff prg, which moves gf, and opens the cold water cock F: 
at the ſame time is moved the wye xy/, which draws Ib, and 
 thuts the hole 2. The cock F being open, the cold water ruſh- 
ing into. the cylinder, is thrown up againſt the piſton, and de- 
icending in ſmall drops, condenſes the hot rarified ſteam, and 
makes a vacuum under the piſton, Conſequently the * 
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DESCRIPTION or 
of the atmoſphere, preſſing upon the piſton, brings down the 
end LC, which raiſes the other end L, which works the 
pumps A, A. As the end LC deſcends, the working plug 44 
deſcends, and moving the eff, prgf, and the wye, Halb, ſhuts. 
the cold water cock f, and opens the hole 2, and the ſteam 
goes into the cylinder, which takes off the preſſure of the at- 
moſphere; and the end L deſcends by the weight of the 
ſpears A, A; and the end LC aſcends as before, which opens f, 
and ſhuts 2. So by the motion of the beam AA up and down, 
the cock /, and hole 2, ſhur and open alternately : and by this 
means of condenſing and rarifying the ſteam by turns, within 
the cylinder, the leaver or beam LL conſtantly moves up and 
down; by which motion, the water is drawn up by the pumps, 
and delivered into troughs within the pit, and carried away by 
drifts or levels. At the ſame time, the motion of the beam LL 
works the pump VR, and raiſes water into the ciſtern &. 
When the engine is to ceaſe working, the pins u, o are taken 
out, and the cold water cock is kept cloſe ſhut, while the end 
IC is up. | We 
The diameter of the pumps within the pit, is about 8 or g 
inches; and the bores of the pumps where the ſpears X, A, 
work, ſhould be made wide at the top; for if they be ſtrait, 
more time is required to make a ſtroke, and the barrels are in 
danger of burſting. - Likewiſe if water to be raiſed from a 
great depth at one lift, the pumps will be in danger of burſt- 
ing; therefore it is better to make 2 or 3 lifts, placing ciſterns 
to receive the water. | 
The ſpears or rods, that work in the pumps, conſiſting of 
ſeveral lengths are joined thus; each piece has a ſtud a, and 
a hole 4; which are made to fit; and the ſtuds of one being 
put cloſe into the holes of the other, and the iron collar g 
drove upon them to the middle 4, they are firmly fixt together. 
There is never made a perfect vacuum in the cylinder ; for 
as ſoon as the elaſtic force of the ſteam within is fufficiently 
diminiſhed, the piſton begins to deſcend, The vacuum is ſuch, 
that about 8 lb. preſſes upon every ſquare inch of the piſton, 
or in ſome engines, not above 61b. This engine will make 
13 or 14 ſtrokes in a minute, and makes a 6 foot ſtroke z; but 
the larger the boiler is, the faſter ſhe will work. A cubic inch 
of water in this engine, will make 13340 cubic inches cf ſteam ; 
, which therefore is 15 times rarer than con mon air. But its 
elaſtic force within the boiler is never 3 ſtronger or weaker 
than common al: ; if ſtronger, it would force the water out of 
the feeding pipe. 


This 
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This engine will 1 delner 300 hogſheads of water in an hour, 
to the height of 60 fath ID; and: e about 30 buſhels 

of coals in 12 hours... . __ | 
In ſome engines there is a different contrivance-to. open and 


ſhut the regulator, which is performed thus; as the; bea W 
aſcends, it taiſes s, turns the wye 5GCED4. 3 — axis 


AB; and the weight C falling ah B. the end E ſtrikes a 


ſmart blow on the pin, 1 9 and drives the fork FL towards. L 3 


which draws the ſpanner PO towards I., and ſhurs the regula- 
tor. And when the beam 22 deſcends, a pin in it purs down, 
the end 4, and turns the axis AP, and the weight C deſcend- 
ing towards 5, throws the end D of the wye againſt Li which 
moves PO, and opens the regulator: : the ſpanner PO. lliding 
upon the horizontal piece O. There is a cord ron, fixt at r, u, 
and the top of the wer 0.5 to hinder i it from going too far on 
each ſide. 

Likewiſe, for opening and. ſhutting the injection cock; in- 
ſtead of the pieces rg, gf of the eff (fig. 274.) ſome engines 
have quadrants of 2 w cels H, I, with teeth, which moving 
one the other, opens or ſhuts the cock f, of the. injection. pipe K. 

In ſome engines there is a catch, held by a chain fixt to the 
great beam; and this catch holds the eff from falling back. 
and opening the cold water cock; till the riling of the beam 
pulls the catch up by the chain, and then the eff falls. 


A calculation of rhe cylinder ad pumps of the. fire engine. 


If it be required to make an engine to draw. any given num- 


FIG; 
274. 
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ber of hogſheads of water in an hour, from f fathom deep, to 


make any number of ſtrokes in a minute, by a 6 foot ſtroke. 
Find the ale gallons to be drawn at 1 ſtroke, which is eaſily 
found from the number of ſtrokes being given. 
Let g = number of ale gallons to be drawn at 1 firoke. 
 þ = pump's diameter. 
c = linder s diameter. 8 in r. 
Then p = 


And Tan? ng the preſſure of the atmoſphere on an inch of 


the piſton, to be Ib. 


They = * = . 
Note, if inſtead of 7, you ſuppoſe the preſſure of che atmo- 


ſphere to be / pounds; and inſtead of a 6 foot ſtroke to make 


an r feet ſtroke ; then p= Vx 58 and c = * 
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LIN. . 4 OW l a7 4 o | 
AB is the: atria to quench hw: D, E are — SHOWS 


5 inches diameter, Having each A clack 4, ö opening upwards. Ry 
O a large copper air veel 9 inches diameter, This veſſel 


ſtands upon a ſtrong plate tw, 5 Or 6 inehes above the bottom 


oß the cheſt NA, - SY is a braſs pipe coming through the end 
of the cheſt at 8; and at & it divides into two cavities going | 


2 
ugder the copper pot CO, to the two pumps E. D. The ca- 


vity leads to the pump E. And directly above this cavity 


at V, there is another cavity y, communicating with the pump. 


E. And above the cavity y is placed the valve 7, 'openiog up- 
wards into the copper pot CO, from this cavity. There are 


the like cavities belonging to the pump D; the firſt going to 


the valve a; the other from the pump to the valve 5 of the 


copper pot. Theſe cavities are made of hollow pieces of braſs 
ſcrewed faſt together. Z is a cock, through which are two 
paſſages, one along the pipe S, and another at the ſide of the 
pipe into the cheſt NAY. . This cock, by turning the handle ce, 
opens one paſſage and ſhuts the other, as there is occaſton. 
Ar a leather pipe to be ſcrewed on che end 5, to draw water 


out of a well or river. | 
- PR is the conduit pipe reaching near the bottom of the. veſſel 


CO, and ſoldered cloſe into the top of it. At R and Q are 


| ſcrews, ſo that the pipe may be turned in any direction by the 


man that holds it. And at / a copper pipe muſt be ſcrewed 
on, or elſe a long leather one, which being flexible, is carried 
into rooms and entries. A an iron axis, to which the iron 
ljeavers FG, LK are fixt. This axis moves in ſockets about 
H, 1, which are ſcrewed hard down. FK, GL two wooden 


handles fixt to the leavers to work them by. gh, p are two 


arches of iron fixt on the axis HI. fd, un, the ſhanks of the 


Piſtons, being two ſtrong rods of iron. g. bt, Ig. mp four iron 


chains fixt at /, g; and 5, ; and/,q; and ac m, p. At / 
and m are a de to ſcrew the chains tight: theſe chains work 
the pumps, For when & is put down, the chain fe pulls 
down the rod of the pifton a. oi when FK is raiſed, the 
chain 25 pulls it up again. And the ſame way the chains /q, 
mp raife and depreſs the piſton my, In ſome engines there 
are two arches, like Ag, ip, fixt near the end J of the axis, 
and chains at them; from the ends of which, as alſo from ? 


and g, two boards are ſuſpended. Theſe boards ſerve for treadles 


far men to ſtand upon, to help to work the engine. 1 
ne 
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and os Ae ab on b wheels,” Tue 
tree turning o OR in the middle, for tlie e 
turning to either ſide. Byt there are a great/th Pech * 
engines. In ſome tie fever lies croſs over, in others fength- 
ways; in ſome there is 90 chain work dot only plus Nets the 
piſtons te move upon. 2 

When the engine is to play ; If it is by the water d K. rt rirer; 
Ce. the pipe Ar muſt he dee on at &, abd the end & put 
into the water. But if 2 is to be fetched; it muſt be 
poured intò the cheſt WE, which runs through the toles 7 ibto 
the hody of tlie engine en turning the Fae Wear Wo 0 
the propet commũniea oy. the handles F % | 
moved up and down by men by which means watef 0 by 
into the pumps E, P, imd forced into the veffel CO, and out 
of the pipe PR. For or — um being raiſed, the water is 
drawn along the cayity Bo by, x the valve 5 into, the- 
pump E and what ial 5 „the bee Mut, and the 
water is forced into the cavit 7s thfo h- tire valve 7, and into 
the pot CO; which cannöt f 120 [the ſhiviting of the valve 
r, when the piſton mn riſes :gain- And che like for the other 
pump D. Since the piſton of one pump goes Jown. whilft che 
other goes up, the Aber is forced by turns into the veſſel CO, 
by theft two pumps; ſo that there is always water going in. 
And the Ait Soe. Ws the veſſel at U being condenſed, 
will preſs gn et pipe ao inG | „and maké it flow with 
a contintal team, I tft W be comprefſed into half 
the ſpace, it will free cht wtef to 30 feet High. | 
Ilm ſomée engines, there is another pipe as PR, coming 

through the copper pot, and through the fide of the engine, 

and theſe two pipes thay play both at once, if thefe is oecation. 
And if Boop ety: of one! 8 lere wed p. 


* 


4 


A 4. This! is e nnd Aude th erer was + inreperg. 
It is ſo compounded, and conſiſts of ſo many parts, that ic woul 
require a whole volume to deſctibe ir. Some of the ENT” 
parts are bran 
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3 the dae: 1 e P the ancient ſtaff and enfigh: 
O the forecaſtle. S the Pocp-lantern. 
D the main deck, * 2X the rudder.” 


Hh 2 1 7 the 
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35 25 in mals. 2. Forę-braces. 
Jan 3. Main-top-lail-ſheets...,'-;. 

bi x mn wig 54 15 3 ry 4 15e fore · tac ks. * * T1 Pi 
„& YAanes, SES. 5+ . 16) ne Eore-top- -fail- clew-lines/ 
15. the jack. me 20 : my ks Main-top- fal-lectch-lines. 0 
217 EA the pendant. 152 r > wy - | 14 Hit 7. Nore-hunt- lines. 2 5 185 Ch : 


Izen- „lines. 1 505 


Fe 6 13 76-1 
1 le G. AER 5 Lat ee ſail- halliards.. :. 


+45 9 en „And the like for the, ends. 
11 ee beter, ot the : ſails c e tint 
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no tt) 


dan of. g thele.ro ropes are * Doing. the fails, 0 ſetting 


| them ain a proper polition to the wind. For the ind always 


forward, it muſt be ſo. placed between the point of 


acts perpeagicularlywpon the. plane of any ſail; and urges the 


ſhip in been on. of, that -Rerpendiculary And by the help..of 


the. rudder I, ſhe is made to keep any direction required. For 

if the rudder be put = ny any ſide., dhe water (as. the . ſhip, 

moves along) will act e againſt it 1 Me diixe the ſtern 

the W Pee 1255 bead he fame.mayy 28 the bade A 
ip With a fair briſk, wind will fail; g or oo miles an hour. 

That pk one fail may have.the greateſt f orce e jp 

the wind 

and the ſhip's way, that the fan. of the angle it makes with 

he wind, may. be twice the. tan. of the angle it makes with | 

the ſhip's way. ie 0993 S! 
' When the rudder is ſet to an angle « of 54.2 deg. with the 


| keel, it has the greateſt force. to turn the ſhip, an make ber 


anſwer the helm. 6 
Becauſe the figure of a Ws is ; the 3 of her going well or ill, 


and. of making morę or leſs. way, through the: Peer, 5 1. ſhall : 


i here give the conſtrüction of the fore part of a vell:1,.t hat wilk 


move through the water with the leaſt poſſible reſiſtance. 

Let PdAcC be the water line, or horizontal ection of the 
water and the hull of a ſhip, AB 3o feet, CD the greateſt. 
breadth 20 feet, BC 10 feet. AeE the ſtem and ꝓart of the 
keel. Then the following. table ſnows the length of every or- 
dinate, as bc, taken at - diſtance Ab, or 1, 2, * Se. tet 
* A; by which the curve AC is ee « 


* 


Length 


9 . 
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The practice is thus : 
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having made Ag g zo feet, and accord- 


ingly divided it into 30 equal parts; at the ſeveral points of 


diviſion; erect perpendiculars to 43, equal to the lengths given 
in the 2d col. of the table The curue e drawn through 


the ends of all the ordinates, is the figure of the ſhip on each ſide. 
The curse AE which the ſtem aud heel make, muſt be the 


- 


ſame curve as Ac; if. the depth BE is ſuppoſed equi to BC 
and the ordinates, he, BE muſt ahbe dran perpendicular to 
AB. Bot if the depth B be taken grea' er or leſs than BC; 
then the-ordinates muſt beta en greater ot leſs in proportion. 


Again if CDE be: the ſection of the, ſhip, made perpendi- 


cular to the axis AB, or horizontal. plane CAD; and ced be 


any other ſection parallel to it; then whatever the curve CED 
is, all the ſections ced muſt be ſimilar to it. : 

If a ſhip is required to be built either greater or leſs than 
this ;-them'it is only taking à greatet or leſs length inſtead of 


a foot, and dividing; ir decimally, and uſing it inſtead of a foot, 


to meaſure off the lengths as in the table. © 
Likewiſe if it was required to have the breadth to be greater 
or leſs than is here afſigned, whilſt the length remains the 


ſame; then it is only taking a proportionally greater or leſs 


line, inſtead of a foot, and ſetting off the ordinates bc by _ 


” „ 1. 
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and of a different form. | 
preſented by the curve AC. 


5 E 8 RIA 1-04 o run J 
And W the requiſites may be altered at pleaſure, Rill regs 
ing the general N 

If any ſhip carpenter jt] aks fit to build 1 77 ee to 5 
this model, it will be found to move faſter through the water, 
than any other ſhip of thi length, breadth, and depth, 
The form ot thee « curve is truly re- 


But it muſt be obſerved, that the curve at 0 cha: broadeſt 


part is not perpendicular to the ordinate BC, but makes an 
angle of about 55 degrees: to avoid this, it will be proper to, 


produce AB a little further, and turn the fide AC, at C, round 
in a curve, as quick as poſſible. Or elſe make the 2 or 3 laſt 
perpendicular ordinates, ſomething leſs than in the table, that 
the part of the curve at C may be in a paralleliſm with AB, 
as it ought; becauſe C is the broadeſt part. 

But though the form here given is the moſt proper for ſail- 
ing faſt; yet perhaps it may not be ſa commodious as the com- 
mon form, upon other accounts, as for the ſtowage of goods, 


Sc. Yet privateers and ſhips of war made to purſue the enemy, 


ougght to be built as near this form as they can conveniently. 


277 


pillars J, J, 7, 1 H the receiver of glaſs, which by the hol- 
6 


For it is a matter of great moment, either to have it in our 
power to come up with a ſſrip we are able to e or elle to 
fly, and eſcape from one of, ſuperior force. | 
That a; ſhip may ſteer well, the water ought to come freely 
and directly to the. rudder,; and therefore-ſhe muſt not be too 
ſnort from the / midſhip tothe ſtern; and towards the ſtern ſhe. 
mult riſe well, and be built very thin below, leſſening gradually 
to tke ſtera· poſt. Likewiſe ſne muſt draw conſiderably more 
water abaft than afore. Io carry a good fail, and alfo to avoid 
rowling, ſhe muſt be made pretty deep in the hold. As to 
the dead work, or upper part of the ſnip, that may be left to 
the fancy of the buijder, or aimed to en ee er, 
niences as may be unn | -\ rr arts of iu 
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AT an ir pans. 2 D two den . 2 or 3 "inches: 
diameter, and a:foot high; having two valves at the bottom, 


opening upwards. 2, two piſtons. working in the cylinders, 


having two valves alſo opening upwards. FF a handle going 
upon the axis of the wheel or lantern Z, which wheel by the 
teeth, moves the racks G, E; and by them the piſtons, withia 
the cylinders or pumps. AB a table or plate ſupported by the 


low 


- 7 


/ 
- 


sec. XII. COMPOUND ENOEN ES. aw =- 


air within the receiver, is known by the height of the mercury 


low,pipe of braſs. none, called: the ſwan's neck, communicates y 16. 
with the cylinders by means of a holloy braſs pipe P; into 277. 

which, the ſwan a neck paſſes. 15a; mercurial gage, being a 0 
glaſs tube ſtanding in the bucket of mercury s, and communi- | 
cating with the pipe . Na cock under the table AB to let 


in air into the pipe no, and ſo into the receiver, when there 


| When the air is to be drawn out of the receiver H, a wet 

leather is placed over the plate, and upon that the receiver H. 

Then railing the right hand F, the piſton t of the barrel D is 

raiſed,” which takes off the weight of the atmoſphere ;. conſe- 

quently the air paſſes out of the receiver H, through the ſwan's 

neck no, and through the hollow braſs. PO, through the valve 

into the cylinder D. Then the right hand F put down, the 

valve at the bottom of the cylinder D ſhuts, and the air paſſes 

through the valve at f: at the ſame time that the left hand Gs 
being raiſed, draws the air from the receiver, through noP, 

th: ough the valve into the cylinder C. So that by the motion 

of the handle FF up and down, the air is at length drawn out 

of the receiver H, by the pumps C, D. And the rarity of the , 


in the tube rs, Which is known by the graduated frame. An 
abſolute vacuum can never be perfectly made. For when the 
ſpring of the air is ſo weak, as not to be able to lift up the 
valves at the bottom of the cylinders, no more air can be drawn 
out. 5 5 rg be ooh | 
The handle F is lately made to turn always one way; thus A 278. 
is a crank turned by the handle F. M the leader or ſword 
goin over the pin 7, in the wheel E. Whilſt the crank A is 
riſing, it raiſes the {ide $ of the wheel, and when the crank de- 
ſcends, it thruſts down the ſame (ide $ of the wheel E. So the 
racks are alternately raiſed and depreſſed as the crank goes about. 
There are ſeveral forts of glaſſes made uſe of for the air 279. 
pump. As A a receiver open at top, covered with a braſs plate 
and ciled leather at D, and kept down by the croſs piece ZF, 
ſcrewed down upon the pillars BC, which pillars are ſcrewed 
into the table B of the air pump. | Fe 85 
Ha receiver open at top, with a plate and collar of wet 280. 
leathers K, through which goes the ſlip wire G7, ſo tight as to 
let no air in. This ſerves to lift any thing up by the hook I. 
MP is a transferrer. N is a plate and leather, on which 
ſtands the receiver M NP a hollow tube going through the 
plate. O a cock to open or ſhut the paſſage. The cock O be- 
ing open,, and the air exhauſted by the pump, and then --4 
| | Coc 
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- cock ik ſhut, the receiver and' pipe may be dale 15 WO: 


the air pump, the vacuum remaining in 42 9.0 S073. | 
L a receiver cloſe at the top; with infinite” others of like 


Torr, - 75 
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Loe bridge water. 8 AB the nder he water eek CD; 


which wheel is 20 feet diameter, and the axis 3 feet, and 19 
feet long. E, E 26 floats 14 foot broad. G a ſpur wheel fixed 
to the axis AB, 8 feet diameter, 44 cogs of iron; this moves 


the trundle N 4+ feet diameter, and 20 rounds; s its iron 
axis. M a quadruple crank of caſt iron'6 inches ſquare, each 
crank being a foot from the axis. The crank is faſtened to the 
axis at 7, by help of a wedge going through both, which cauſes 
the crank to turn. L, L four iron ſpears belonging to the 


cranks, and fixed to the 4 leavers MN, 3 feet fi rom the ends; 
which leavers are 24 feet long, moving on centers in; a frame of 
wood. P, P four force pumps of-caſt iron, wrought by four 


piſtons or rods, NP. Theſe pumps are 7 or 8 inches diameter, 
having valves opening upward. O a hollow trunk of caſt iron, 
to which the pumps are cloſe fixed. Qa ſucking pipe goirg in- 

to the water. R, R four hollow pipes, 7 inches diameter, and 
cloſe fixed to the lower part of the pumps ; theſe pipes are cloſe 
ſcrewed to the hollow iron trunk &, into which 4 valves open. 
Ta pipe communicating with the trunk S, through which the 

water is forced to any height. There are alſo four forcers placed 
at the ends M, M of the leavers M, NV, and working in four 
more pumps, to which belong other trunks and pipes, O, 2, 


N, S. At B the other end of the axis, there is placed exactiy 


the ſame work as at A; ſo that the great wheel CO works 16 
pumps. There is alſo a machine made of cog-wheels and trun- 
dles, contrived to taiſe the great wheel as the tide riſes. The 
great wheel will go at any depth of water; and as the tide turns, 
the wheels go the ſame way with it; but ſtand ſtill at high and 


low water. 
As the great wheel is carried about by the tide, it carries 


round the ſpur wheel G, which carries the trundle H with the 


cranks IK, which by the ſwords L, move the leavers MN. When 
the end M is pulled down, M is raiſed with the piſton NP in 
the pump P, by which means the water is drawn out of the ri- 
ver through the pipe Q, into the pump P; and when NP de- 
ſcends, the valve ſhuts, and the water is forced through the 
pipe R, through the trunk 5, and along the pipe T into the 


town. And when N riſes up again by the motion of the cranks, 
the 
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the valve in 8 ſhurs;/ and that in the pump opens, and more wa- py C. 
ter riſes through the pipe &. into the pump P. And as 17 28 1. 
cranks ſtand every way, there is always water ri in ſome o i 
the pumps; and ſome always forcing through R. §, T. When 

the tide is ſtrongeſt, the great wheel goes 6 times round in a 


minute. This engine is _ to Tale 30 or 25 thouſand bog a | 
heads of-1 water in a "_ 05 R 


. 


* 
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7 be pile engine * Weftminſter-bridge. 4 cis | ie wheat 283. 
fixed to the great ſhaft D. MO, a trundle and fly turned by 
the cog- Wheel ; this is to prevent the horſes from falling when 
the ram is diſcharged. B the drum or barrel on which the great 
rope is wound. C a leis barrel on which the rope Lis wound, 
carrying the weight N. The uſe of this is to hinder the follower 
from falling too faſt. The barrels BC are moveable about the 
great axis D. The cog-whee! and barrel B are fixed together 
by the bolt F, going through the cog-wheel into the barrel. 
ET is a leaver moveable about 1, going through the great ſhaft 
D; this lifts up the bolt F, the end E being made heavier by a 
weigbt; by which means it locks the barrel Bro the great wheel 
A. KI the forcing bar going into the hollow axis of the great 
ſhaft D; this reſts upon the leaver EI. Ma great leaver move- 

able about 3, the end & being heavier, which with the end 7 
preſſes down the bar KI. chrofts down the end of the leaver at 
F, and lets the bolt F deſcend; to unlock the barrel * 
rope fixed at A, and going up through the guides at R. GK a 
crooked leaver "moveable about 2, the roller at the end G being 
preſſed with the great rope, forces the end K againſt the catch 
at K, and hinders the bar KT from aſcending. When the rope 
H lackens, the ſpring 7 forces the end K from the catch, and 
the bar KJ aſcends. H the great rope going round the barrel 
B, over the pulley P, up to the top and over the pulley . 

then down to the follower, where it is fixed. T the ram that 
drives the piles. & the follower, in which is fixed the tongs V, 
moveable about the center. the guides between which the 
ram falls. At the inſide of the guides at R, where they are faſ- 
rened together, there are two inclined planes. At the bottom 
of the follower is a flit, to receive the handle 6 of the ram T, to 
be taken up by the tongs Y. a, b, c, p timbers for horſes to 
draw at, in direction abcd. 

As the horſes go round, the great rope His wound about the 
barrel B; and the follower s, and ram T are drawn up, till the 

FE | tongs 
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On this ſide or flat of the caſe, there is a hole left againſt. 


the blowing pipe, and is another wooden tube communicating. 


psc RLT T IO or 


tongs © come berween the inclined planes, which: "ra as 
ends 4 4 together, opens the end 5, and lets the ram fall down. 
Then the flower S taking, hold of the rope Z. raiſes. the end 
X, and depreſſes the end T of the leaver N. which thruſts; 
down the bar KI, which thruſts. down the end F of the leaver 
EI, with the bolt F. and unlocks the barrel B, which turning 
about the axis, the follower S deſcends by its weight, till it comes. 
to the ram 7; and the end 5 of the tongs ihps over the handle 
6 of the ram. Then the rope H ſlackens, and the ſpring 7 
forces the end K from off the catch at top of the bar KI, and 


lets the bar tiſe, and the weight E raiſes the- bolt F, and locks: 
the barrel B to the wheel 4; and the horſes ſtill going about, 
the end 5 of the tongs rakes hold. of the handle 6, and the 


ram T is taken up as before. 
All this machine is placed upon a boat, which ſwims upon the f 
water; and ſo is eaſily conveyed. to any place deſired. | 


; Ex. XC. | 
c a Howing FEY AB, CD an iron croſs ;. to this is fixed: 


the circle of iron EF. To theſe are fixed 12 leaves J, I, I. 


which reach no nearer the center than the iron. circle. 1, 1, 1 
are holes, through. which the air paſſes into the cavities between. 
the leaves. There is the ſame croſs and iron circle on the other 
ſide, but without any hole. Through the center of both ſides 
is put an iron axis and fixed there, and on the further end a: 
handle is put to turn it by. This wheel. is encloſed in a caſe, 
which juſt touches the edges of all the leaves. But the rim or 
out edge KK is at a ſmall diſtance from the ends of the leaves. 


the holes 1, 1, to let the air through; the other flat is. cloſe. 
{Mis the ſucking pipe, being a tube fixed upon. the caſe, ſo. 
as to communicate with the cavities, by the holes 1, 1. G is. 


with the inſide of the caſe. The axis turns upon two concave- 
pieces of metal fixed to the caſe, the handle being on the back 
ſide of the figure. abed. is a thin ring of wood. faſtening the 
leaves all together; and the like on the other fide. On theſe 
rings are put two circles of blanketing to go cloſe to the caſe, 
and alſo upon. the iron circle EF. 

The frame being fixed, and the handle turned about in the- 
order BCAD. The motion of the leaves. moves the air very: 
ſwiftly to the outſide, which being confined by the rim, is forced 
in a tangent along the tube G; whilſt new. air aſcends along 

the 
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the ſucking pipe LM, paſſes through the hole in the frame, and x 1. 
through the holes 1; 1. into'thEcavitits between the leaves; and * | 
0 thrown out of the wheel, through the blowing pipe G. 
If the pipe A be continued to the place where any foul air 
is;-it may ſoon be thrown- out through the tube G, and diſ- 
perſed abroad. Or if the tube LM communicate with the 
freſh air, and G with any er ee — air —_ EY be 
an N „ e wn 
C9 he 3 


Ex. *. 


AB. an artificial fountain angling ada 3 A and 285. 
B two cavities; FO, KB two pr pipes, fixed to the baſons at 
K and O. GH and CDE two curve tubes open at both ends. 
When the' fountain ſtands on the end A, pour water in at O. 
Then turning the fountain like an hour glaſs upon the end B, 
the water will deſcend through the pipe CDE, and ſpout out at 
E. The air paſſing up the pipe OF 20 give it liberty. The wa- 
ter falling down upon the baſon EK, runs through the pipe 
KB, into the cavity B. And the fountain being turned, the 
water will deſcend through G HI, and ſpout out at I as before. 
| And ſo being turned, it will play a- freſh as often as you will. 
Note, while the jet E is playing. if the end. O of the pipe 
FO be ſtopped with the finger, the jet will ceaſe playing which 
being taken off, ic will N again 3: and oy may bo cmedect to 
play.ax Hape pleaſure, eee , ce e 
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AFa — denen 40 it a ſmall tube oped, at both anda 286. 
comment in the neck of the bottle CE. Then che bottle being 
a little warmed to drive out ſome of the ait r. the end. A. is im- 
merged in water tinged, with  cochipeal, which, goes into the 
bottle as it cools. Then it is ſet upright, and the water may be 

made to ſtand at any: point By by fucking: or blowing at A. 
This is a very ſenſible barometer; for if it be removed to any 
higher place, a very ſmall decreaſe in the air's gravity, will make 
the water riſe ſenſibly in the tube. This may be made uſe of 
to find the level of places. But it is ſubject to this inconve- 
nience, that it is a thermometer as well as a barometer, the 

leaſt alteration of heat raiſing the water in the tube. To pte- 
vent which, it muſt be encloſed in a veſſel of ſand ; and then 
the air included in the bottle, will retain the ſame. degree of 


heat, at leaſt for a ſmall time. 
112 | Ex. 
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' ADOFis act 4 4B the be which the water is 

| kept. CO che pipe of conduct, which. conveys water from 
the reſervoir. O the / cock, or adjutage, being a ſmall hole in 
a thin horizontal plate, Auen upon che end of the pipe, through 
which the water flows Of the jet of water, ſpouring up through. 
the hole O, which deſcends again in the ſtreams FE 1 FH. 
OF the height of the jet. A the horizontal height of the wa- 
ter in the reſervoir, If the part I. IO of the pipe of conduct be 
buried under the ſurfate of the water XH, and be inviſible; 
the jet will ſeem ro riſe. our of. the water K 28 e artiſi- 


cial fountains, 1 - 
The enen is „aside made N but the beſt fore for 


ſpouting higheſt, is a thin plate with a hole in it. The bore of 
the adjutage ought to increaſe with the height of the relervoir, 


ard the larger the adjutage, the higher the jet will go; provided: 
the pipe of conduct be large enough to ſupply it with water. 


Pipes of conduct ought not Soha made with'elbows; but to turn 


off gradually in à eutve as DIO. The diameters of pipes of N | 
duct ought at leaſt to be 5'0r: 6 times the diameters of the 
tage, or elſe it will not ſpout ſo high. If a reſervoir be"zo- 


high, and nee half an inch; the pipe of donde 


ſhould, at leaſt, be 3 inches; or if the adjorage- be an, inch, 
which is better, the — of conduct muſt be 6 inches. And in 


theſe caſes the jet will riſe to the greateſt height it can have. In 


general the diameter of the adjutage ought«to be nearly as. the 
ſquare root of the height of the reſervoir. And if you. would 
have the velocity in the pipe of conduct to be the ſame at all 
heights of the reſervoir, that the friction may not increaſe too. 
much; then the ſquare of the diameter of the pipe of conduct 


muſt be as the cube of the diameter of the adjutage. When 


water is carried. a great way through - pipes, the friction of the 

pipes wilt diminiſh its velocity, and the jet will not riſe ſo high. 
A jet never riſes to the full height of the reſervoir; If the 

height be ; feet 1 inch, the jet will only riſe to 5 feet; thus 


the jet OF wants the ſpace FG. of the height of the refervoir:. 
And the defect FG is as the ſquare of the height of the reſervoir. 


OG. But ſmaller jets fall ſhort more than in that proportion, being 

more retarded by the reſiſtance of the air. The greateſt jets ne- 

ver riſe 300 feet high; for the velocity is ſo great, that the *wae 

ter is diſſipated i into ſmall 2 by the e of the air. 4 
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by tte PUR of water, and-play there without . 
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pieces. 4 a ppofting the end C. and moveable 
about the egy An 12 . fe he center of gravity of I and AC is 
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2 ball of cork or light wood bs laid at E. K will be ſuſpended „ 1 6. 


287. 


28 8. 


in 5 and of TKand the bopk DN, in E. H the weight to be 


weighed ; 3. the counterpoiſe moveable aſong the graduated 
1 — 36. I be machine 18 hung upon the hooks at Z, M. 
a . 52881 the n H, as. e to CEX BF. 
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t 70 10 med, i 4 0. hers o 
ABC is DEAT INT to —_— arm. c 32 ae 0 
72 cogs  B the lantberm of, £7: 7 A the bopper, E the 


294˙ 


Hoe; F, G the two ml tones. a 3 or arm 8 feet long, 


going into the axis D bf; the great wheel ; 7 the traces to which 
one or two horſes are yoaked. As the horſe gocs about in. the 


path 12 3, he draus the arm H, which turns the great wheel 8 
* ves the trun ale B with. the upper ſtone F, which 


* Aud this 


griacs the corn; the corn is put into the hopper 4, and fall- 
ing into the. ſho: E. runs throagh @ hole at top of the ſtone E, 


and in betyeen the ſtone; where it is ee, N is. the n 


floor. 1 Lhe whales is, vine a 1 
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A 4 U ing Rock, ſer propeniculany its to raiſe a gear 
weight. LO is a (lit going through it, in which there moves 
the Heaver CD. II, KK two ſets of holes; into which. goes 
the pins G, 45 When the weight Vis to be raiſed, it is hung 
on the hook and chain at the end D of the leaver. And the pin 
6 being put into the firſt hole I, and the end C being 


* 5 
— 


dawn, the other end with the weight is raiſed; and. — the- 


pin H is put into the ſecond hole K. under the leaver ; then the 
end C being raiſed to E, the pin G is put into the ſecond hole L 
Then E being put down to C and the end F raiſed, the pin H 
s put into the third hole K; Thus the leaver and pins being: 

thus ſhifted from 21 to n! _ ee Wis = _ 
ene dl {en — gat 


* 72 hs 2 * * 1 . * ” ; 


6 4 » wo 4 FI... . ” - 'S 2K I *:. p 2% $: "+ 4 1 
4 * F 8 , 1 jm „ a of Sv $-> * 32 * — s * » 
: 6 \ - "> » £ 


y 


29 * 


en "IIA * 


" — 9 r TAS — _ 
4 N * a , = 
„* = . bay 5 3 
, ; : : Di _ 
7 * 3 R I IAG + 
N — , x te ani a = _ : 
” : . : * 4 P:7 — — 2 — 2" 


* 


az. 42 r 2 
- ME wes watts r 


e 
\ 


> 
0» Lac + Nn 


_ 
* . fo Gf MA + e> - 
* „„ 


— 


2 — —— —.— LES 
8 — — 
. F ANA ee ave; 


* 


FIG 8 An 


296. 


297. 


298. 


, * 
5 *'% bir 
(+ $2 | £1 as 1 9 * 150 uh 


'D vs MET 110 * e 
* — = 8 70 430 
1 5 41. * xen. 46 Tag! v 9 \G 


A bob gin, for raiſing water. AB a large ee carried 
by the water V. C and D two en upon the axis, on each 
fide the wheel, lying contrar EE, GH, wo pieces. of 
timber moving about 6n'the Tae c ad B, and allo move- 
able at the joints F. H, upon two pins. FI,. Hk two beams, 

moving on the axes L and M. I, K two arches with chains fix- | 
ed to Wen. by means of which che pumps O, Mare wrought. 
When the water-wheel goes about, one crank as C pulls down 
the bar EF, together with the end F of the beam. FI, and At 
the ſame time raiſes the end I. which draws: the water up in 
the pump O. In the mean time the other crank D is raiſing 
the end H, and depreſſing the end X. When by motion of the 
wheel, the crank C begins to aſcend, the end 7 begins to de- 
ſcend, and the end K to aſcend. So that one beam goes up 
whillt the other goes . and chere is or 8 one pony 
Nt moat. ol n TWO KP e | 
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fa been ede AP. the Alk. wheel 'B its axis. -RPS 
the water-courſe.” E a ſpur -· wheel carrying the two drums C, D. 
and the rollers CV, DH, to which they are fixed. 4, a, &c. 10 
or 12 pins, or cogs fixed in either roller, equally on all ſides. 
5, 5, Sc. 10 or 12 peſtils, 10 feet long, and 4 or 5 inckes 
broad, armed with iron at · the bottom; in theſe peſtils are pins 
fixed to anſwer the pins a, a; which lift them up as the rol- 
lers turn round. m, m, Sc. are wooden mortars; into which the 
peſtils fall, each mortar will hold about 20 1b. of paſte. O, 
1K, LN are timbers through which the e peſtils work, and ſerve 
to keep them direct. 

The materials being put inte the mortars u, m; as the mill 
goes about, the pins in the rollers take up the peſtils 3, 5 b 
their pins, and when theſe pins go off, the peſtils fall into Fe 
mortars m, m, and beat the ingredients to a paſte. And as theſe 
cogs are placed on all ſides the circumference of the rollers, 
there will be always ſome, \peffils: R _ and: others falling 
eee Ree ROD es ried TIES ern as. 
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4s crane or engine to raiſe x a great . and keep it in any 
poſition. AB a double wheel for a man to walk in; CD a ſpur- 
* | wheel 
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wheel upon he ſame axis. E, P, & are three wheels alſo fixed 
upon one axis, of which G is of wood; and E is moved by CD. 
Elis a catch moving on the pin I, this falls in between the 

teeth of the heel F. KLM a half ring of iton, in which is a 
grove, going upon the edge of the wooden wheel G. NM a 
piece of timber fixed to the ring at M,. and to the leaver PN, 
and is moveable about the pins M, N. The leaver PN is move- 
able about the center O. 'BR a wooden rod, reaching to the 
catch H. PS a ſtring fixed to the leaver at P. VA, the 
rope going ere the axis of the 18 heel to raiſe the 
weight. 

When the great wheel AB goes round, together with CD, the 
rope VA raiſes the weight V. The wheel CD' drives E, to- 
gether with F and G; and the end of the catch IH ſlides freely 
over the teeth of the wheel F; and the motion being ſtopped, - 
the catch IN acting againſt the teeth of F, hinders the wheel 
F from turning back, and ſo keeps the weight T ſuſpended. 
But if you pull at the ſtring 7, it raiſes the leaver PO, and 
thruſting the rod Q againſt the catch, faiſes it out of the teeth 
of the wheel F, and lets the weight deſcend. But leſt it de- 
ſcend too faſt, the leaver PO is to be raiſed higher, by pulling 
at the ſtring 7 §, and this depreſſes the end ON of the leaver, 
and draws down the piece NM, together with the ring XLM. 
which ring being drawn eloſe ra the wheel GE, . 
motion, or hn rover od it at pleaſure. | | 


Ex. c. | 


An engine for drawing water. 4 the:cog-wheel, 10 feet dra» 2 

meter; B its axis, running in the frame FFFF, and on the 
foot Z. C a trundle 3 feet diameter. K its axis 15 or 20 feet 
long, running in the ſtocks G, G. D, D two cranks of iron on 
oppoſite ſides of the axis, and 2 feet long. OP; Q two beams 
moving upon an axis in the frame SSSS. PD, RD two rods of 
wood or iron, reaching from the beams to the cranks, moveable 
about R and P; and turning round on the cranks D, D. 4, 7 
two rods of iton, fixed to two chains that go over the arches O, 
2; and to two piſtons that work in the pumps x, . E the tiller 
to which the horſes are yoaked; 1 2 3 4 the path in which the 
horſes go round. H, H, the ſurface of the earth. The wheel 


A, and trundle C are in a pit; the axis K I ground and 


the cranks D, D, are in a pit. | | 
When the h-ries, walking in the ring 1 2 > 3 4, draw about the 


Ns Ts by the-tiller E; this turns the trundle C, with the. 


6 cranks 
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7 18. 1 D. D; and the, rod PD being drawn down, Bai, 
299+ the end of the beam P; and raiſes the other end G, with the 


3 OO. 


beam; and the other end Q, wich the rod I deſeends; and the 
piſton goes down into the pump. But as the wheel: 4. goes 


are allo fixed to one another by croſs bars going through the axis 


12 rounds, carried by the cog-wheel B; theſe rounds are fixed 
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rod Ir; and draws the water out of the pump x. In the mean 
time, the other crank; raiſes the rod PR, with the end of the 


about, the rod RO is ere and 27 riſes up. and draus 
water out of the pump y, whilſt OI and the piſten deſcends in 
the pump x. Thus whilſt one piſton goes ups the eee ee 
dawn, and there is always one. pump diſcharging water. 

Inſtead of two cranks, one may have three or four cranks, 
at equal diſtances round the axis, and theſe! will move three or 
four beams Q, and work three or four pumps. But beams of 
timber ſnould be put between every two working ge , 
Ne. for the axles to run in. 


Ex. C. 


AE L a twiſting mill 10 ** thread or 2 B a PAGE 8 
3 feet diameter, of 33 or 34 teeth. C the drum of 4 6, or 8 
rounds, going on the ſquare end of the axis of the cog-wheel, 
D a ſpur-wheel, 2 feet diameter, and 30 or 32 teeth ; this is 
fixed to the reel E. The reel conſiſts of 4 long pieces of wood. 
6 or ) feet long, 3 of which are fixed in the cog-wheel D, and 


of the reel; the fourth long piece of wood which compoſes the 
reel, is not fixed in the cog- wheel, but may be ſet nearer or fur- 
ther from the axis, by help of the pins 1, 1, 1. F a drum of 


into the barrel G, of x foot and 6 or 8 inches diameter. MNOP + 
a fixed frame 6 or 7 feet long, and 4 feet broad. 22, 227 &c. 
are whorles, carried round by the leathern belt IKLIH.- Theſe 
whorles run in iron ſockets at the bottom of the frame, and are 
kept in their places by the ſnecks 3, 3, fixed to the upper ſide of 
the bottom part of the frame; upon the ſpindles of theſe whorles 
are put the bobbings, with the thread or worſted. The ſpindle: 
and whorle is repreſented at a, the bobbing at &, the bobbing. 
with the worſted on it at c. The length of the whorle and ſpin+ 
dle is 10 or 11 inches, length of the bobbing 6 or 7 inches; di- 
ameter of the whole where the belt runs, about an inch; dia- 
meter of the bobbing at top 1+ inch; at the ſmalleſt part 2 of 
an inch; theſe are for worſted. The whorles may be taken out 
of the ſnecks at pleaſure, and they are kept in theſe ſnecks by a 
feather put acroſs the ſlit — two holes. The bobbings 

| — 
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| they uſe for thread are aepreſemetd at aj vis a piecꝭ of lud whieb » 1 C. 
goes upon the op of the ſpindie:to rep dow the bobbing , 300 
arę two wires fixed; in it, for thetthihd to run through, from the © 
bohbing to theitechi the diameter af che whore about Half am 
inch: [he-pumber of ſoccks,oſpindles; aud bobbings on one 
ſide, of the engine is 20 dr 24; chat is 40 or 50 in all. 4, 4, Ac. 
are wires in the upper part of the frame, for the rhreat te run! 
through from thechobbinęs the number of wires are eq tg 
the number of ſpindles. Alſo in the horizontal beam Q are 
the ſame number of wires, 5115, 54 &c. to direct the thread to 
the reel. u, » are rollers for the edge of the belt to move over. 
6,.6 are w, hanks upon the reel. When the belt grows lack 
by ſtretching· the frame A is drove back, by meamlof wedge 
$, .and, kepziat à greater diſtance from the roller . 
The trundle C may be taken off, and others" of more or 
| fewer rung put on; as occafion requires, by lifring-the'end 7 
of the axis of thr keel, out of its ſocket; and the finer the 
thread, the fewer tungs it muſt have. The cjrcumference ef 
the reel DE ſor waxited is 4 feet, 4 incher j forcthread'is. 5 
feet, 4 inches] ne nd 08) >: | $203 59108 
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When the thread or worſted is wound up the bobbings, by- 
the help of a wheel, they are put upon the ſpindles, as C, and? 
then put within the belt IK under the ſnecks , u; then che 
handle A being turned, carries the cog wheel B about, WHich- 
drives the drum F, and the barrek G; the Barrel G moves 
the belt in, direction IKL abaut the frame MN. which reſting 
on the whorles 2, 2, moves them, andi the whorles and bob- 
bings very ſwiftly about. In the mean time; the drum C, is 
turned round by the axis of the cog-wheri u, C carries 
about the ſpur- wheel D and the reel, with flow! motion. So 
the threads being put throughi the wires 4, 5, and fixt to the 
reel, theſe, threads will be wrapt about the rer, and make the 
hanks 6, 63; as many as there are bobbings. When the hanks 
are of ſufficient bigneſs, they muſt be taken off the reel, which 
is done by pulling out the pins 1, 1, and then one fide of the 
reel will fall in, and the hanks flackr, and tay be taken off 
2 after another, by lifting the end of the axis out of its 
Ocket. 91,3 TO 3 19653 FS On 9 
The double yarn, Cc. is to be wound tapering on the bob- 
bings, as at c, making it broadeſt at the low end, otherwiſe 
it will not come freely off the bobbings, without breaking. | 
The frame work . conſiſts of perpendicular beams fixt in 
others lying horizontal, as deſcribed. in the figure, the breadth 
from A to / being 9 or 10 feet. The lower part of the frame 
K k - MN 


Is 
— 
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Fic. MN airs two. elliptical pieces, cut out of MR and 


300. ſet at about a hand's breadth diſtance one above the other, with 


9 


302. 
303. 


pinion i of 7 leaves; and K the balance. Likewi 


pieces of wood between. In the lower (which is broader than 
the other) are the ſockets, in which the bottom part of the 
ſpindle. of the whorles move; in the upper, the ſnecks are flxt. 


The part OP, in which are the wires, is an elliptical piece like 


the under ones, and fixt thereto by 4 perpendicular pieces or 
—_— of ny es All 8 reſt will be ria quency N . Oe 
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AER Pi is a e The . forms: 5 e oe 
clocks are almoſt as various as the faces of thoſe that make them. 
The following is a common 8 days clock. me is the "moving. 


part HE the ſtriking part. 


The work contained between 2 braſs hwy is as follows 1 
the fr/t or great wheel. of 96 teeth; G the ſecond wheel of 60 


teeth, its pinion g of 8 ieaves; H the bird wheel of 56 teeth, 


its pinion, þ of. Þ leaves; I the balance wheel" of 2 teeth, b 

A the great 
wheel of 28 teeth; B the pin wheel of 48 teeth, þ its pinion of 
8 leaves; C the koch wheel of 48 teeth, c its pinion of 6 
leaves; D. the warning wheel of 48 teeth, and its pinion d of 


6 leaves ; E the "Dr 8 e its pinion of 6 leaves. 
The ends R, R, of the arb:rs of the wheels A, F come thro? 


the face of the clock, and theſe arbors are fixt in the barrels 
P, P, of 6 or'7 inches circumference ;z and on theſe barrels, the 
therm ſtrings Tt are wound, which go round two pullies with the 
weights, that carry the wheels about. Theſe two barrels are 
moveable round about within the wheels, but are kept from 
turning back, by the catch & and its ſpring, and the racket wheels 


© fixt to the barrel. The weights are wound up by help of 


the winch or handle 11. la the rim of the wheel Bare 8 pins, 
which as the wheel goes round, thruſt back the end 5 of the 
hammer O, and when it goes off the pin, the fpring 7 amen 
the hammer O ſtrike againſt the bell N. 

The wheel C has a hoop upon its rim, which is cut away in 
one place, to let the end 2 of the detent fall in. In the rim of 
the wheel D, there is a pin which ftops againſt the end x of 


the arm wx, and hinders the wheels turning about. 


On the axis op is fixt the two preces vs, and the detent r 2. 
On the axis gr is fixt two pieces wx and the /ifter 3; and on 
the end er of that axis, which comes through the fore plate, is 


put the Itter 10, and pinned faſt on, wy 
8 The | 
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The arboy of the wheel G comes through the face ; upon this ꝝ 1 0. 
arbor between the face and fore plate, is put the wheel 2 of 302. 

20 teeth, ity arbor being hollow, and under the wheel is put 303. 
the braſs ſpring i, with the concave fide upward, this ſpring 
having a ſquare hole in it, to fit the ſhoulder of the arbor of G. 

The wheel Z of 40 teeth turns upon a fixt pin or axis, and is 
driven by the wheel 2. The dial wheel F of 48 teeth, is put 
with its hollow. ſocket upon the arbor or ſocket of x, then the 

face being put on, their ends come through it, and the hour 
hand k is put upon the ſquare end of f, and the minute pointer 
, upon the end of 2, the wheel z being thruſt down to bend 
the ſpring, and then a pin put in to keep it there; the pinion 
of Z, called the pinion of report, has 8 teeth, and drives the 
wheel f and the hour hand. Now the ſpring / keeps the wheel . 

x pretty tight upon the axis of G, ſo that G will carry it about 
along with it. And if the minute pointer be thruſt about, it 
will e about the wheel z, and alſo Z, and likewiſe F with 


the hour pointer. 5 | 
The arbor of the wheel A goes through the back plate; 
upon it, behind the plate is put the wheel / (or pinion of re- 
port) of 28 teeth, and pinned there. The double wheel XY 
is carried by Y, and turns upon a pin fixt on the back of the 
plate. The wheel X has alſo 28 teeth, and the count wheel XY 


is divided into 11 parts of unequal lengths, according to the 
ſtrokes the clock is to ſtrike at every hour; part of this wheel 
is repreſented at S. A fender ſpring is put on with this wheel 
to keep it tight. This part may be made more ſimple, by 
leaving out the wheels Y, A; and putting 7 upon the axis of A 
inſtead of /; but it muſt be put on the contrary way. 

The arbor of the balance wheel 7 comes through the fore 
plate, almoſt to the face, and through a hole in the face is 
put the hollow ſocket of the /econd pointer 12; and this ſhows 
the ſeconds by a ſmall circle divided into 60 parts. And the 
face is alſo divided into two circles, ſhowing hours and minutes. 
The pendulum hangs on the fixt piece of braſs M, by a but- 
ton at top, and a thin piece of braſs going into a ſlit at M. 
and a flat piece of braſs goes into the fork L, ſo that if the 
pendulum moves, it muſt move the rod KL, and balance K 
along with it. 8 e 

The pallats 8, ꝙ of the balance K, are ſo formed, that the 
under ſide of 8, and upper ſide of 9, where the teeth of the 
wheel 7 a&, are poliſned planes; and made ſloping, ſo that a 
teeth ſliding along the under fide of the pallat 8, will * : 
: 5 | K k 2 on DO "WE 
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act againſt the pallats of the balance, 
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the balance. K to the left hand; and a tooth. ſliding along the 
upper. ſide of the pallat g, will force it to the right.. 
The work is put together, by ſetting the teeth together that 
are maikt in = et B and in the pinion c, and likewiſe in 
the wheel C and pinion d. Tben the minute pointer is p 
the arbor of z, mark to mark ;. and the hour pointer the ſam 
way on the arbor of f. And the wheels z, Z, Fare ſet to one 
another according. to heir WALKS: þ onto arent inl a1; ie. 

The weights, hanging upan the wheels 4, F; and the pen- 
Flug a 


* 


< to vihrate, the wheel F drives G, which drives H. 
which drives J; then whilſt the pendulum vibrates to the right, 
a tooth ſlips off the pallat g, and in its return to the left, a 
tooth ſlips off the pallat 8, then on the right another goes off 
9, and fo on alternately ; and the 8 cauſing the teeth to 

keeps the pendulum. in 
motion; and the wheel J goes round in a minute. . 
As the wheel G goes round it carries about zx, with the mi- 


nute pointer once round in an hour; drives Z, which drives 


F once round in 12 hours. Whilſt the wheel 2 goes round, 


the pin m raiſes the lifier 10, which lifts up the piece 3, and 


the arm wx; the piece 3 raiſes the detent x 2, together with 
vs; the end 2 of the detent being raiſed above the hoop, the 
wheel C moves about, and by the oblique figure the end of 


the detent 2, it raiſes the end of the detent higher, and alſo 


raiſes 5 out of the notch of the count weel. Then the wheel 
D turns round, til] the pin in the rim ſtops at the end x, which 
hinders the motion, But as the wheel x goes further about, 
the lifter 10 falls down off the pin, together with the piece 
cox, and latch 3, which ſuffers the wheel D, and. the reſt to 
turn round; and the pin wheel cauſes the hammer to ſtrike ſo 


often, till the end s falls into a notch of the count wheel, and 


then the detent 2 falls into the vacancy in the hoop, and locks 
the work; which continues ſo till the next hour, that the piece 
10 is raiſed again; and then ſhe ſtrikes as before; the wheel C 
goes round every ſtroke of the clock; but ſhe ſtrikes x more 
every ſucceeding hour, becaule the teeth between the notches are. 
made longer and longer in the count wheel ; and it turns round 
once in 12 hours. | | 


General rules in all clocks. 


In the ſtriking part, the pin wheel being divided by the 
pinion of the hoop wheel, the quotient ſhews the. number of 
Pins in the pin wheel, 442 
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f 98 be divided by the number of pins, the quotient ſie ws 
the revolutians that the pſa wheel makes for one revolution of 
the count wheel: n e 
+0 The. hoop wheel divided dy the pinion of the warning wheel, 
muſt be a-whole number. N 
ln the moving part, the ain is the number of beats the 
clock makes in an hour; which is 3600, if ſhe beats ſeconds: 
in this caſe the balance wheel muſt have 30 teeth. 
If & turns round once it an hour and ſhews minutes; then 
the quotient of & divided by the pinion of H, multiplied by 
the quotient of H divided by the pinion of 7, and that multi- 
plied by twice the teeth in J, muſt be equal to the train. And 
if ſhe beats ſeconds, then the product of the two quotients muſt 

If alſo & ſhows the hours, then the quotient of F divided 
by the pinion uf Z, multiplied by the quotient of Z divided 
by z, muſt be 12. | e 

From the great wheel to the balance, the wheels drive the 
pinions; but to the dial wheel, the pinions drive the wheels; 
the former quickens, the latter leſſens the motion. : 

Any wheel being divided by the pinion that works in it, 
ſhews how many turns that pinion hath to one turn of the wheel, 
As if the pinion be 5 and the wheel 60, it is ſet down thus, 


- 


5) 60 (12 times. Or thus — 12 times. 


The teeth of ſeveral wheels and pinions that work in one 
another, are ſet down thus, * 


4) 36 (9 times 
8) 80 (10 times 
5) 54 (9 times 
95) 40 (8 times 5 7 
Or thus 3 _bo „ 3 
| 4 1 5 


la the former way, the number on the left hand of any wheel 


is the pinion that it drives; and the number over it is the pi- 


253 


303. 


nion on the ſame axis. In the latter way the ſeveral fractional 


quanties repreſent the quotient. 
Any wheel and the pinion it drives, will have the ſame mo- 
tion with another wheel and pinion, when their quotients = 


303. 
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equal. T hus a wheel of 36 drives a pinion of 4, al 40 fins 
as a wheel of 4 5 does a pinion of 53 or a wheel of 8 a pi- 


nion of 10. Py 
In any motion you may uſe one wheel and one - pinion, or 
elſe ſeveral wheels and ſeveral pinions, provided they all give 
the ſame motion. Therefore when a number is too big to be 
cut in one wheel, you may divide it intot wo or more quotients. 
In a wheel and pinion that work in one another, their dia- 
meters muſt be as the number of teeth in each. And the dia- 
meter muſt be meaſured, not to the extremity, but to the mid- | 
dle of the tooth, or where they aft, 
The excellency of clock. work, conſiſts in forming the teeth 
truly, and to fit the notches exactly without ſhaking, and to 
play freely; the teeth muſt be cut into the form of nn 
which reſembles the ſhape of a bay leaf. 
A clock goes exacter as the pendulum is longer, and the 
bob pretty heavy, and to make but ſmall vibrations; and for 


more exactneſs, to play between two cycloidal cheeks; and the 


longer the arms XK 8, Kg, the eaſier the clock goes. The 
length of a ſecond pendulum i is 39 Fr inches. See the theory 
of pendulums in Prop. XL. XLI. LVIII. 

The pallats 8, c, are here formed after the common way: 
but there is another way of forming them. From the center 
of motion 0, deſcribe two ſmall arches ag, and de. Theſe ſmall 
lines or planes ag, and d, and alſo the working ſide of the 
tooth ap, muſt all range to « the center of the balance wheel. 
And the ends of the pallats ay, and da, muſt range a little 
to the right hand of the center 0. Then the teeth of the 
balance wheel will fall alternately on the ſides ag, and 9. 
And any tooth, whilſt it acts againſt ag, or de, will have no 


effect in moving the pendulum ; bot lies dead, till it makes its 


eſcape off the angle « or 9; and then in moving along the 
plane ay, or dn, it forces the pendulum to the right or left, 
But the conſtruction will be better thus; take fr, 8p each 
equal to ad. From the center v deſcribe the arches ag, d; 
and let the ends ay, du, range to S. Or perhaps it may anſwer 
the end as well, to deſcribe ag, and dt, from the center 0; 
and Jet the acting fide of the tooth range (not to u, our} to v 
the outſide of the circle deſcribed with the radius xv = * x. 
The inconvenience of any of theſe conſtructions, is, that the 
pallats are too thick, and can hardly ind room to — in be- 
tween the tecth * che balance wheel, 


Ex. 
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C79) ITE PN e (0101 T1 OLD: 2% ae 4 7 
Sona og. LOT . R 0) 23301 d Fas : 
ABC is a cutting engine to cut the teeth of clock' wheels. AC * 

an iron plate 2+ "fer long, and 3 or 4 inches broad. EE 
another plate fixt 4 or 5 inches lower; G a flider, ſliding along 

a groove in the end C: this is made of 'ſeveral plates of iron 

fixt to one another with ſcrews, and fitting cloſely to the edges 

of the plate, and to the ſides of the groove, and likewiſe to the 
upper and under ſide of the plate; this is to cauſe it to move 
truely along the groove when forced forward or backward, by 

the fcrew'at I and its handle; for this ſctews through C, and 
turns round in a collar in the end G. The end ef this ſlider 

turns up perpendicular; to this is fixt the part F by a pin R, 
which goes ſquare into this part, and through a round hole in 

F; ſo that the part F can turn about the ſcrew pin K, and 

may be fixt by turning the nut 2 with the key 9, which nut 

ſcrews upon ie ef the piu. 

B is a braſs wheel of 96 teeth, carrying the pinion D of 12 
leaves; theſe: move between the cheeks LL, MM; which are 
joined by the croſs bars N and P; theſe cheeks and their ma- 
chinery turn round on the axis LM. in the part F. F is the 
cutting wheel, whoſe edge is nothing but a file to cut the teeth, 
as it goes about; this goes upon the arbor of the pinion D. 
There are a great number of theſe cutting wheels, of different 
ſhape and bigneſs; which may be taken off the arbor and others 
put on; theſe parts are deſcribed at a, 5, c, d; @ the pinion 
on its arbor, þ the cutting wheel going upon the arbor which 
is octagonal, and fits it exactly, having the ſides marked that 
are put to each other, c a hollow piece which goes on the ſame 
axis; and the nut d ſcrews on the end of the arbor, to keep c 
and the wheel þ faſt on. The ends of the arbor are hardened 
ſteel, and pointed; and this arbor runs between the cheeks 
LM. through which cheeks there goes 2 ſcrews, with holes to 
receive the points of the arbor; and theſe ſcrews are ſer to a 
proper diſtance, by ſcrewing them in or out by help of a key p, 
going on ſquare upon the end, and then the {crews are lockt 
there, by the nuts O, O. rs is a ſpring, fixt with one end to 

the under. ſide of the croſs-bar V, and the other end s lying 
upon the plate Al, and this ſpring raiſes the part LLM, 
when the notch is cut. fu is a ſcrew pin going through the 
bar P, its end « reſts upon the plate AJ, and hinders the 
wheels from deſcending lower. 1, 1, are two ſcrew pins, which 
ſcrew through LA, by help of the key p, and go with their 
| points 
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points into F. which has two holes to receive them: theſe pins 
are lockt to L, M by turning the two nuts, which alſo ſcrew 


upon the pins. Theſe ſcrew pins, nuts, and cheeks, all turn 


round together in the holes in F. 


* 
1 
t 


% 65 oo ny ae JAG * 
His the dividing plate, heing 2 braſs cireuler plate 15 or 16 
inches diameter. This plate is fixt to a hollow braſs axle A. 
an 47 9 and this axle goes through the two pletes 
AI, EE; aud bath the wheel and its axle turn abaut together 

the lower plate cannot be ſeen, but is repreſented at &. Near.) | 
the edge of this plate, there are 24 concentric cireles, each di. 
vided by points into a certain number of equal paris, viz. 366, 
363, 360. 119, co, 96, 92, 90. 89. 84, 80, 78, 76. 72. 
70, 68, 64, 62, 60, 58, 56, 54» 52, 48. The uſe ot theſa 
is to divide a revolution into any number of equal parts, ac- 


cording to theſe different circles. | L006 
ei is an arbor, going through the hollow axle QR, with the 
ſhoulder 5 againſt the top of that axis, then the nut » is ſcrewed. 
upon the end i, to keep it faſt. is the wheel to be cut imo | 


5 r 


teeth; there is a hole made in the center, juſt to Gt the part ge, 


which being put on, and the piece / above it, they are tben 
ſcrewed: hard down with the nut & going on the end e. Then 
if the wheel ¶ be turned round, it carries about with it the wheel , 
| 18 are ſeveral arbors ei, for fitting different wheels m. + 
& is a moveable index; it turns about a nail, as a center 
in the end w, there being a (lit in it, to let the bottom of the 
ſcrew x paſs through as it moves. y is moveable back and for- 
ward, and may be fixt any. way by the two ſcrews. & is a ſteel 
point, which moves along the circumference of any circle you 
require, from one point to. another. T is the winch to turn 
the wheel B; 2 is the handle to pull down the machinery near 
the plate. "OREN | | 
To uſe this machine. An arbor ei proper for the wheel , 
which is to be cut, being put through the axis Q, and ſcrewed 
faſt, as appears at R; and then the wheel m and the parts E, | 
put on above Q, and ſcrewed faſt. Looſen the ſcrew x; and, 
moving the index y till the ſteel point z fall in the circle, 
containing the ſame number of parts, the wheel m is to be divided 
into, taere ſcrew it faſt with the ſcrew x. Then putting on the 
cutting wheel F proper for the work, turn the handle and ſcrew 


I. and drive the machinery with the wheel F towards ©, till 


the edge of F lie juſt over the edge of the wheel to be cut; 

there fix it by the handle /; and turn the wheel Htill z falls 

into ſome point of the circle; then take hold of the handle S8, 

and pull it down, till F falls againſt the edge of n then hold- 
I | 


1 ing 
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ing it there with ohe hand, tortithe winch wich the ether; rx; 
Which carries about B, anch this drives D with the cutter , and goa 


chis motion euts a notch in 3 wien it is deep 
h, the —— — — perly ſet) ps nt t plate HC, and Hin- 
ders it from 88 ther. — S, ant the ſpring vs 
raiſes. up the — Ce. This done, l about the wheel E 
rill x fall in the next pott of divitiony then drAUνα do d, und 
turn the machine as before, xilt you' have mud andchet Tut 
ceep enough. And chus you! moſtproceed, tillz-A\gone thro? 
all the points pf diviſion in the eirele, and tfren your wheel is eut 
into its proper number df teeth! 1401 A: 5 (th, , n Seal! r 
When the number of teeth wanted to be cut anſwers to none 
bw the circles, take ſuch a-cirde- een be divided by your num- 
ber, and if the quotient be 2, 3, 4 „Ec. then you muſt ſet 


E to every 20, 3d, 4th point? Sei nipping te "reſt? © A= 4 


you want 21 bebth, take the circle Cg, which" divided by 27 
gives 43 io tharyou muſt ſet ⁊ te 1 Ath tooth only, and 


ſo eur; e e Harp e da 


Aeon wheel may be cut the minke :way ; but then the cen- 


ter of the wheel F muſt be-brou cp che edge of the wheel 


to be cut, and there fixed. Ald sblique teeth may be cut in 4 
wheel after the ſame manner; — muſt firſt eaſe the ſcrew 
K, and then turn the cutting frame about K as an ais, till the 
cutter bave a proper degree of dbliquity, and there ſcrew faſt 
the pin K, by the nut 2, and proceeds before. 


After the teeth àre cut with this engine, they are il to be | 
wrought into their proper form, with files Fultable' for the buſi: | 


_y and'chiv'the worktman pe nat 38 d SHOWN: 


nnn ORUGT DICT ON! 6934) 2013 1: 35545, (24 * 25 OROq 88.362 1 


a BP” Cf 65 3119 120 * as Ex. . . 841 2 16,300? 
E Fo dent Bit for drain; vindowlead 98, T7 00 
alen running ia, the frame XL, C, D two Wheels of iron 


caſe-hurdehed, 13 inch broad, and of the thickneſs ofa Pane of 


30g. 


glaſs; theſe wheels are fixed to the axles, and run very near 


one another, not being above g of an inch diſtant; acroſs their 
edges are ſeveral nicks cut, the better to draw the lead through. 
E, F, two pinions of 12 leaves each, turning one another, and 
going upon the ends of the axles, which are ſquare, and kept 
faſt there bythe nuts P, Q, which are ſcrewed faſt on with a 
key. A, B two cheeks of Iron, caſe-hardened, and fixed on each 
ſide to the frame with ſcrews theſe are cut with an opening 
where the two wheels meet, and ſet ſo near the wheels, as to 
leave a ſpace equal to the n of the lead; ſo that * 

1 the 
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Fil. the, wheels and the cheeks therg is le „ hole. af cb farm er 


pipenredk at M, which as thedhapeiot.the lead hein cut ch routzh. 
; frame; Ha gs heldotogt cher by croſs bars;g9ing throw 
the.;fides and: on zd cover is 9 She m 
to eee ad. leraved tat „ne bene! oo 
den n Bros «; 11 — gh 216 wa 1 „ del gofw 03 tt. eli 8} $1 
hen it tec she eye bod is fft-calin moulds, 

into pieces a fqor long. with — — each dideem lake n 
of chhole pieceg, and ſharpen pne end little with a knife, a 
it ino che hole. betyven the wheels s thenfturning the handle 
the lead will be drawn. through,; of the form gef 2 cis - 
enceinte 0 * 3995 10 vat 717101 511 11 Kos * 
N 10 yo DSDUFED = {> £36 2iGV. *;; 1. 262 2181 e. 113 Fs 2 
FE) WI LE . 2 8 nian ed 
3-46 2 ek 1 5 —— either trundle or 
gog-whee loi Y is the arbor; 9F:2xis,of the milla this is a 1g: 
Hadrical piegę f uod, abont tyo feet diameter; GHIKLMN 
is a leaf or wing of wood, whoſe breadth | is about the radius of 
the· ar hor 4-4þig-pns ſpiral-wiſe;round, a arhor frem botiom 


io top, aſcending is an anglg pf about 3 degrees it muſt every 


where ſtand upright on the. ſurface of the arbr, Inſtead of one 
you may; uſe 3 pf theſe ſpiral leaves, eſpecially if they be nar- 
row. This, arbor and its, ſpiral lxaf, turas round upon u pivot 
P at, the hottem; and); at;: the top B. kit has a, ſpindle woch 
goes through a plank; pk; andz is fixed to the uppen mill-ſtane D. 
which !turns- 1 with it 3; 46 that the, arbon has little n 
ffiction. is a hollow; ; Gy linder, «> Of. ſtone QF Diicks. 
to encloſe the 992 and its leaf wand whoſg inſide is walled ag 
near as poſſible, juſt to ſuffer the leaf to turn round without 
touching; ſo that no water c eſgape between the leaf and the 


wall; and conſequently it can only run down the declivity of the 


leaf; its typ is repreſented. by the circle D HS. i an 


arch to let the water out at the bottom, to xun AWAY: 3 zand big 


enough to go through to repair the engine. Fis the trough that 
brings the water; D, E the two mill-ſtones. 4 the hopper and 
ſhoe. ©. The ar bor and its leaf, may be cut altogether out of che 
ſolid trunk of a tree; or elſe the leaf may be made of pieces 
of boards, nailed to ſeveral ſupporters of wood, which are to he 
let every where i into holes made in the body of the arbar,. ſo as 
they may ſtand perpendicular to its ſurface; and all ſet in a 
ſpiral. And the ſpiral is made on this conſideration ; that for 
every 10 inches in the circumference. of the axis, you muſt 
riſe 7 n in the . e But at t wm a it will be better 
N FB ts , - 700 


* 
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to riſe faſter, fo as to Aue its ee almolt Perpendiculat to 
the ftream. irs 4 tt ent 4 NT 


When en SOON e is vat ade pere 4 | 


which runs down the ſhoe; through the mill- tone D. And the 


ſpour F being opened, the water falls upon the oblique leaf 


GHIK, and by its force turns the axis BC about, 9 eg it 
e e HUE s N $145 5 a 


1 


DPA che! 15 of nk which wal ſuſtain irſel, 0 al 
the parts of it in equilibrio, ' Such an arch will he aronger 
than any other, becauſe an arch that can ſuſtain itfelf, will 
more eaſily ſuſtain an additional weight, chan an arch that can- 
not ſuſtain itſelf, but only by the cobeſion of the Mortar! This 
arch DBF is a ſemicirele, whoſe center is R, and vertex B; and 
the wall Arta muſt be fo built, that the height A, in any place 


> * ; 5 A 8 4 4 * = 
. 4 oh, 1 7's * : | ; © 
N . e = "+ # - > 2 * ot . 1 ; o E 
1 e Ar Ex, cv. ai ee 4 a IE. 
4 ' 5 
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A, muſt be as the cube of the ſcant of the arch BA, which will . ... 


cauſe it to run upwards towarcs D, in the form of the curve 
NT. But as this form is not commodious for a bridge, the 


conſtruction may be performed thus. In any place of the arch 


as A, letthe ſuperincumbent part AT be built of heavier mate. 
rials, than at B; in proportion of the cube of the ſecant of the 
arch BA; for the parts near B; but in ſomething leſs proportion 


in the parts towards A and D. And the right line G being 


drawn, will nearly terminate the top of the wall. But as ma- 
terials cannot well be procured for this Pur pole, the following | 


way may be uſed. 

With the radius BR deſcribe the ike DB4a, of 90 degrees ; 
DB, Bd being each 45. And if BR conſiſt of 100 parts, make 
BS, 16. Draw the right line GSg, perpendicular to SBR: and 
the arch DBd ſhall ſupport the wall DGgd in equilibrio in all its 
parts. If the arches DB and Bd be made each 60 degrees, and 
the height BS, 7 parts; and the right line GSg drawn; then the 
arch DBd will equally ſupport the wall'DGgd in all parts: but 
then the materials made uſe of about the places a, a, ought to 
de only about half the weight of thoſe at B and D. And theſe 
are the principal caſes in which a circle is ſerviceable, for making 
an arch ſtand in equilibrio. 

Another equilibrial arch is from the catenary. Make the la- 
tus rectum BS, 100 equal parts; BR, AR, RF each 159 deſcribe 
the catenary ABF, through the points A, B, and F. Then ABF 
will be an arch which will ſupport the wall 40 in equilibrio, 
in every point of it. The fault of this arch is, that by reaſon 


LI 2 of 


303. 


302. 


716. of the het gh 55, & ers is 100 . e of whe upon it, 
309. which will dans the finking the piers, except the foundation 


310. 


be very good; and it likewife raiſes the bridge too high. 
Another arch of equilibration is this; make SB, BR, AR of 
any lengths at pleaſure; draw the right line GS parallel to the 
horizon; and to the aſſymtote GS, draw the logarithmic curve 
AB: which may be done thus; draw AG perpendicular to GS; di- 
vide SG into any number of equal parts, and as many points of 
diviſion as you have, find ſo many mean proportionals between 


SB and 64; ſet theſe from the reſpective points in SG doun- 


wards, in lines drawn through theſe points parallel to SR; and 


_ theſe will give ſo many points, through which the curve BA is 


to be drawn; and the curve þF is drawn the ſame way; between 
theſe, the pier BD is placed with a tower upon it. The only 


fault this arch has, is, that the water way is diminiſhed by the 


pier BD; and as many arches, ſo many © pk piers 


there widl be. 
311. 


I ſhall now ſhew how to deſcribe an arch clear of all theſe in- 
conveniencies. Make BR, AR, RF, each equal to 30 feet; BS, 
3% feet. Draw AG, Ex parallel to RS. Divide SG, & into 30 
equal parts or 30 feet through all the points of diviſion, draw 
lines parallel to SR, as 7C. Then upon each of theſe lines, ſet 
off from SG downwards; the number of feet you find in the 
following table, reſpectively, as TC; then C will be in the 
arch. Do the ſame for the ſide Sg. Then the curve FBC A 
drawn through all theſe points C, will be the arch required. 
The curve is eaſily drawn through theſe points, by help of a 
bow held to every three points; or rather to four or five points 
at once; which may eaſily be done by two or three n 
n it. 
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| WE T0041 of 11 5 * „ | © | 
value of; in feet | value value || value | value of. 
feet. and dec. || of ST. | of TC. of ST. TC. 
„ ll Lt bt os 3 
1 bY . 11 5-754 || 21 | 14.14 
x 3.566 1 22 22 15 477 
| %%  73-15:709 11.23" 136970 
4 3776 1 24 [7372 [| | 24 | 38687: 
rh 15 | 8.0 21 0.58 
LS 2021. || 310207 1 
6. 4.127] 16 | 8-299 |]. 26 22-682 
| 7] 4:362 || © 17 | 9.636 || 27 | 24999 
8 | 4039 || 218 1.567 - 28 | 27-557 
9 | 4961 || 19 11.000 29 | 30381 
10 | - 5.332 _ 12.745| 30 | 33-500 | 


If the thickneſs of an arch at top, BS be ſuppoſed to be 3 
feet, 4 feet, or 5 feet, &c; It will require a different curve to 
be conſtructed ; but this ſeems to be ſtrong enough for the 
bigneſs of the arch; eſpecially, if built of ſtrong, ſound ſtone. 
Here 34 feet is aſſigned for the thickneſs of the arch; but ir 
muſt be made 2 or 3 inches leſs, on the account of the parapet 
wall, for this adds weight to the whole. Allo if the top GS is 
not exactly horizontal, but is 2 or 3 feet lower at G than at S; 
the thickneſs BS ought to be 2 or 3 inches leſs upon that ac- 
count; or if higher at &, two or three inches more: but theſe 
niceties make no ſenſible difference in practice. 

This curve differs from the catenary (in fig. 309.) For at 
the vertex B it is leſs curve than the catenary; and towards A 
it is more curve. The curvature at B in this arch is very near 
that of a circle, whoſe radius is BR. And the curvature in- 
creaſes from the vertex B, and is at leaſt about C. = 

At the points A, F, where the arch ſprings, it riſes at an 


* 


angle of 73: 1“, above the horizon. | | 

If an arch is required to be either greater or leſs than this, it 
is no more than taking any other equal parts inſtead of feet; 
and ſetting off all the lines by theſe equal parts. | 

In this ſcheme I have drawn a circle to ſhew the difference 
between that and this arch.. The like I have done in fig. 309, 
and 310, Whence it appears, that a circle circumſcribes all 
theſc arches of equilibration; and conſequently a circle is too 


curve at the lower parts, or at the hanch of the arch. , 
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"Tf any architects or builders of churches or bridges, ſhalt _ 
leaſe to make uſe of this curve here conſtructed (fig. 311.) for 
the form of an arch; they will find it the ſtronge i — 5 poſſible, 


N 


to be made, for theſe given dimenſions, And where many 


thouſand pounds are laid out in building a ſingle bridge, it is 
certainly worth the pains to ſeek after the form of an arch, 

which ſhall be the ſtrongeſt poſſible, for ſupporting ſo great a 
weight. And it is very ſurprizing that no body has attempted 


it. Inftead of that, all people have contented themſelves with 
conſtructing circular arches; not knowing that different preſ- 


ſores againſt the arch, in different places, require different curva- 
tures, which does not anſwer in a circle where the curvature is all 
alike, A circle, it is true, is very eaſily deſcribed, and that may be 


one reaſon for mak ing uſe of it: but ſurely, the deſcription of the = 
curve here given, is very eaſy by the foregoing table, and can 


create no difficulty at all. If there be any difficulty in the prac- 
tice, it is only in curting the ſtones, of a true curvature, to fit 


the arch exactly in all places; but this is ezfily managed with a 


little care, by taking proper dimenſions ; ; obſerving that every 
Joint muſt be perpendicular to the curve in that point. 3 
A circle, or any other curve, where the curvature is not pro- 
perly adapted to the weight luſtained, 1 is not capable of ſuſtain- 
ing ſo vaſt a weight; but muſt in time give way, and fall to 
rum; except the mortar happen to be ſo ſtrong as to keep it to- 
gether. On, the contrary, the arch here deſcribed, ſuſtaining 
every where a quantity of preſſure proportional to its ſtrength, 
will never give way, fo long as the piers, which are its baſes, 
fiand good ; but by virtue of its figure, will ſtand firm and un- 


ſhaken, as long as the materials the arch is made of, will laſt. 


As to the piers, their thickneſs may be 3, 4, or the width of | 


the arch, according to the firmneſs of the ground they are to 


ſtand on. They muſt be conſiderably broader than the bridge, 
reaching out on each . fide into the water, being built with 
ſharp edges to divide the ſtream. At the bottom they muſt 
be well fenced with ſterlings for their ſecurity. The outermoſt 


pier muſt be built far backwards, to ſuſtain the oblique preſſure 


of the arch, which has nothing elſe to butt againſt ; otherwiſe 
the pit r or buttreſs will yield to the preſſure of the arch, and 
the arch will break. 

Another conſtruction. 

In the former conſtruction, I made the height BS to be 
only 3 5 feet, But as that may be reckoned too weak for an 
arch of 60 feet wide, like Weſtminſter bridge, where the 


height above the arches is 8 or 10 feet. Therefore I have 


here 


of the arch at . 
„The 1 is e 
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here given a new table for .coh{truching, the arch of à ſtrong ; 
bridge, calculated upon the fame. principles as the former, be- 
ing 7 feet. all the other dimenſions remainiag the ſame. This 
from the pier at an angle of, 0 20, In; the ſormer I 
ſet oi all the points of the curve from the line SS in this I, 
ſet them off from ie Jay: BEE, which 1 is Aa nee to the top 


"Having Have the line EBH, 
cough the top Bi of the arch parallel to the baſe Af, take 
from the table gol. 1 any length, and ſet it from B in the line, 
B, as to L, and from R to I, and draw the ſine LI. Then 

from col. 2, of the table, bete en ſpondent length of b 
L, and ſetiit from L to C, in the hne LI then C is a. point 
in the curve. And) thus all the other Points of the arch muſt. 


be found, and then à curve drawn regularly Shrough them, . 
gives ene the arch, 539 
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9CF is the 3 engine, at the Win for weighing 312 
Dis a ſtrong beam of wood moving about 


the center J. EF a ſteel yard, moveable about the center 5 
an 


E 


464 
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tected at D, by the iron hook DH. PA ſeveral ien 
chains ſuſpended at a hook, moveable about the eenter P. PH 
is about 3 or 4 inches, HF about 10 or 12 feet. The 4 chains 
at A ate to put round the waggon. F a leaden weight fixed at 


the end E, whoſe 1 is about 1 hundred weight. G a 
moveable weight of Z of a hundred weight, this is moved along 


the graduated beam . at pleaſure. KNL a ſcaffold to walk” 

on. CS is a chain hanging at C, and fixed to the braſs pulleß 
S. Round this pulley goes the rope MSR, whoſe end M js BN 
ed to the croſs bar . of the frame . In this fraſnie, 
the wheels and axles 1, 2, 3 move round; being turned by the 


bandle B, fixed to an iron wheel' or fly. Theſe whetls and 


trundles are iron, the trundles contain 11 teerh, the wheels 
about 60. The rope & is wound about the wooden-axle 3, be- 


ing ; or 6 inches diameter. At the end of the ' axle oppoſite 


to B, is another handle to be uſed upoh occaſton. The frame 
9T is fixed faſt in the ground, that it may not be pulled up. 
The beam CD and ſteelyard EF, move between the checks KZ 
and NX, which ſerve to guide them, and likewiſe ſtrengthen 


the frame they move in, which frame is tied together with ſe⸗ 


veral braces, as NO, VO, SWS. 

When any waggon is to be weighed, the 4 . A are 
hooked round it, and a man turns the handle B; which, by 
turning the wheels, winds the rope about the axis 3, which polls i 
down the end C, which raiſes the end D, of the leaver CD. The 
end D raiſes the ſteelyard EF, with the chains A, and the wag- 
gon; and a man upon the ſcaffold NL, moves the weight G 
till it be in equilibrio; and the diviſions of the beam ſhew how 
much the waggon is above 60, hundred weight. | 

In ſome engines the beam CD is wanting 3, inſtead of which 
there are two blocks and pullies, the upper one faſtened to a 
croſs beam ZA; the lower is hooked to the piece DH; and the 
rope goes from the top block, to the axis 3; but in this caſe, 
the axis of the wheels are parallel to the ſide of the machine, 
and not perpendicular, as they are in the former; and then 
there is but one wheel and pinion, each of iron, the wheel of 
110 or 120 teeth, and pinion 11. 

Laſtly, in ſome machines that likewiſe want the beam CD; 
the wheels and axles 1, 2, 3 are placed in the top of the machine, 
above ZA; where being turned round, they raiſe the heam E, 


either by a rope going from it, or by blocks and pullies. 


Ex. 


EA 
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HRK is a large organ. Hl i the ſound board; this is com- 
poſed of two boards ; the upper board, or cover HHH 1 and the 
under one III, which is far thicker tkan the upper one. Each 
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of theſe is made of ſeveral planks laid edge: ways together, and 


joined very cloſe. In the under ſide of the under board, there 
are ſeveral channels made, running in direction LL, MM. e. 
continued ſo far, as is the number of ſtops in the organ; and 
coming almoſt to the edge HK. Theſe channels are covered over 
very cloſe, with leather or parchment, all the way, except a hole 
which is commonly at the fore end next HK, upon which a 
valve or puff is placed. Theſe channels are called partitions. 
When this flap or valve is ſhut, it keeps out the air, and ad- 
mits it when open. On the upper ſide of the under board, 
there are likewiſe cut ſeveral broad, ſquare gutters, or chan- 
nels, lying croſs the ſormer, but not ſo deep as to reach them; 
theſe lie in direction LN, P, &c. And to fit theſe channels, 
there are as many wooden ſiders or regiſters, f, f, f, Sc. run- 


ning the whole length; and theſe may be drawn in or out, at 


pleaſure. The number of theſe is the ſame as the number of 
ſtops in the organ. f 


1KKK the wind cheſt; this is a {quare box, fixed cloſe to the 
under fide of the under board, and made air tight, ſo that no 
air can get out, but what goes through the valves, along the 


partitions. 


, V are the valves or puffs which open into the wind cheſt J 


and are all encloſed into it, and may be placed in any part of it, as 
occaſion requires, One of theſe valves with the ſpring that ſhuts 
it, and wire that opens it, is repreſented apart, on the left hand. 
C, D, E, F, Sc. are the keys on which the fingers are laid, 
when the organ plays. Theſe keys lie over the horizontal bar 
of wood ,; in which are ſtuck as many wire pins z, z, on 
which the keys are put; and the keys move up and down upon 
this bar, as a center. 3 is another bar, againſt which the keys 
fall when put down; on this alſo are ſeveral wires, going 
through the keys to guide them; and on this bar a liſt is faſt- 
ened, to hinder the knocking of the keys againſt ir. 
Now the keys are made to communicate with the valves ſeve- 
ral ways, as I ſhall now deſcribe. 5, 5, 5, are the key rollers, 
moving on the pivots 2, /; theſe rollers, lie horizontally one 


above another, and one at the end of another; of ſuch a 
length, as to reach from the valve to the key. a, a, a, arms 


M m or 
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_ 1 0. or leavers fixed to the key rollers w, ww the valve wires fixed td 


313. the arms 4, 4, and to the valves V, and going through the 
*- holes 5, , in the bottom of the wind cheſt. 5, 6, & arms fixed 
likewiſe to the key rollers. d, d, d the key wires, fixed to the 
arms , b; and to the keys C, D, E. Now putting down the 
end of any of the keys C, O, E; it pulls down the arm , by 
the wire d, which turns the roller 5 about, with. the arm 4, _ 
which pulls down the wire w, which opens the valve; which 
is ſhut by the ſpring, as ſoon as the key is let go. In this con- 
ſtruction, there mult be a worm ſpring faſtened to the key, and 
to the bar V, on the further ſide, to keep the end 5 of the key 


\ 


down. | | | | ee d 7 wh 
Another method of opening the valves is this. xy, xy, are 
ſlender leavers moveable upon the centers 1, 1. Fx, 5x are 
wires going from the far ends of the keys, to the ends x of the 
leavers. /, „, other wires reaching from the ends y, of the 
leavers, through the holes b, to the valves J. So that putting 
down the key, C, D, Sc. raiſes the end 5, which thruſts up the 
end x of the leaver, by the wire 5x; this depreſſes the end y of 
the leaver; which pulls down the wire , and opens the 
valve J. 3 1 Wo 8 
A third way of opening the valves is this. At the end of the 
key 6, is a leaver 8, 9, moving upon the center 7. This with 
the key makes a compound leaver. From the end q, there is a 
wire goes to the valve. Now putting down the end 6 of the 
key, raiſes the end 8, which depreſſes the end g of the leaver 
8, and pulls down the wire, and opens the valve. I have 
only drawn one of theſe in the ſcheme, and but a few of the 
others, to avoid confuſion. EET 
R, R are the rollers to move the ſliders, by help of the arms. 
cf, cf, which are fixed horizontally in theſe rollers. te, ke are: 
leavers alſo fixed in the rollers. e, le are the handles, which 
lie horizontally, and paſs through the holes , /, and are faſt- 
ened to the leaver ke, being moveable about a joint at e. 
No any handle h being drawn out, pulls the end e towards. 
1, which turns R& about, along with the arm ; and the end 
F pulls out the ſlider g. And when p is thruſt in, the arm. 
F likewiſe thruſts in the ſlider . ES | 
Upon all the ſeveral rows of holes which appear on the top. 
of the upper board, are ſet upright ſo many rows of pipes; X' 
is a flute pipe of wood, Z a flute pipe of metal, Ta trumpet pipe 
of metal. The pipes paſs through holes made in boards, placed: 
above the upper board, to keep them from falling. 
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Tbe pipes are made to communicate with the wind cheſt after „ ry 


this manner. When any flider z is drawn out, holes are 
bored through the upper bord, through che ſlider, and through 
the under board, into the partition below: ſo that any pipes, 
placed upon theſe holes, will then communicate with the parti- 
tion; which, by its valve; communicates with the win cheſt. 
Bur whcrn the ſlider is thruſt in; the holes in the flider do not 
ſtand againſt the holes, in tie upper and under boards; and 


the communication is ſtopt, ſo that no wind can get to the pipe. 


F, are the bello, Which muſt be two at leaſt. 9, 4 
the wings; O, O the handles, moving upon the fixt axes un, m. 
Each of theſe bellows conſiſts of two buards ; the under board 
is fixt immoveable, In this there is a valbe er opening inwards, 
and a tube leading to it, called the contieying fube. There is 


* 


31 


alfo a hole in this under Hoard, from which a tube leads to 


the porivent,” which is à ſquare tube 24, riſing upwards, and 


is inſerted into the under fide of the wind cheſt ar 2. And in 


the tube leading to the portvent, there is a valve which opens 
towards the portvent; which ſuffers the air to go up the port- 
vent, but none to return. All the bellows are conſtructed after 
the ſame manner. Now the handle O being put down, raiſcs 


the upper board 7, and the air enters through the valve ; 


and when! the handle is let go, the weight of the upper board 
7, (Which carries 3 or 4 lb. to every ſquart foot) continually 


deſcending, drives the air through the portvent to the ſound 


board. And as one pair of bellows, at leaſt, is always deſcend- 
ing, ſince they work alternately, there will be a conſtant blaſt 
tee R. mt. pe NE 
In chamber organs, there is but one pair of bellows, which 
conſiſts of 3 boards, in nature of a ſmith's bellows; and ſo has 
a continual blaſt. eee e 5 
All the inner work is hid from ſight, by the face of the in · 
ſtrument ſtanding upon 3. Sa _” 


As many partitions LL, MM, Se. as there are in the ſound 


board; ſo many valves J, V, rollers, 3, 5, or elſe ſo many 
leavers xy, of 89, and their wires, and that is Juſt as many 
as there are keys A, B, C, D, &c. And there are generally 61 
keys, with flats and ſharps; reaching from G to G, the com- 
paſs of 5 octaves. But the ſcheme could not contain them all. 
Likewiſe there are as many handles , l, &c. rollers, R, R, 
Sc. ſliders f, f, &c. as there are different ſtops upon the organ. 
And it muſt be obſerved, that, between the fliders f. 7, &c. 
there are as many ſliders, on the right hand; and the ſame 

number of handles and rollers, which cannot be expreſſed in 
5 | Mm 2 this 


A 
„ 1 


5 


= „ 
* 


314. 


DESCRIP T IO N on 


this ſeheme. And other rows of pipes placed ne IN, 
PQ; &c. And towards the middle, of the organ, the leaſt 
pipes are placed, and the leaſt wee 3 the greateſt being | 
on the outſide. abe | 

There are many ſtops i in Gr organs, but generally. 100r 12 
on each hand; theſe are ſome of them, diapaſon, principal, 


fifteenth, twelfth, tearce, cornet, trumpet, freneh horn, von- 


humana, flute, baſſoon, cremona, Fe, and a re apes to 
ſwell the notes of ſome of th he ſtop RET nt: 

When this noble inſtrument is to be aged vpon, put down: 
the handle O of the bellows, this raiſes the upper board 7, and 
cauſes the air to enter in at the valve 1. Then that handle 
being let go, the other handle O is put down; during this time, 
the board T of the firſt, deſcending, and cutting the valve r, 
drives the air through the other valve, up the portveot into the 
wind cheſt, Then drawing out any handle, as the flute ſtop pl, 
this draws out the licer fz, and all the pipes in the ſet. LN are 
ready to play, as ſoon as the keys C, D, E, Sc. are put down. 
Therefore putting down the key D, by laying the finger upon 


it, opens the correſpondent valve m, and the air enters thro” 


it, igto the pipe A, and makes it ſound. In the ſame manner, 
any other pipe, in the ſer ZN, will ſound, when its key is put 
down. But no pipe in any other ſet P will ſpeak, (becauſe 
the communication is ſtopt) ti i. its ſlider F is — by the 
correſponding handle J. 1410 

Pipes are made either of wood. or metal ; ſome have mouths 
like flutes, others have reeds. The ſmalleſt pipes are made 
of tin, or of tin and lead. The ſound of wooden and leaden 
pipes is ſoft. Short pipes are open, and the long ones are 
ſtopt; the mouths of large ſquare wooden pipes are ſtopt with 
valves of leather. Metal pipes have a little ear on each ſide of 
the mouth, to tune them, by bending it a little in or out. 
Whatever note any open pipe ſounds, when the mouth is ſtopt 
it will ſound an octave lower: and a pipe of twice its erf 
will ſound an octave lower. | 

It will nor, I think, be foreign to my defign, if 1 give a 
ſhort account of the method of tuning organs. or harpſicords. 
But I muſt firſt premiſe ſomething concerning the ſcale of muſic. 
It is known from undoubted experimeats, that if AL be a 
ſtring of a muſical inſtrument, and if the ſtring, be ſtopt ſuc- 
cefſively at 7, 5, q, p, 0; and 2, 3, 4, 4, 4 of it be. made to 


vibrate, it willſound an eighth, a fifth, a fourth, a greacer 11. 


ang a leſſer third, my 


Now 


ect. XIII. COMPOUND ENGINES. 
No as the difference between the fourth and fifth is ac- 

counted a whole cone, whereof chere are 6 to make up the 

octave ; therefore we ſhall have 3 — 2, or n for the difference 
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of the ſtrings, that are to ſound a note one above the other, 
whereof the greater is 1. Conſequentiy if. the ſtring is 1, that 


difference would be 3. Therefore 3 of any ſtring, will found 
a note higher; and g; of this ſecond, would 2.notes higher 


than the firſt; and 3 of this third, would found 3 notes higher 


than the firſt, Ec. and this being 6 times repeated to make up. 
an octäve, we ſhall have 3x3 K N N N, as 
it would be if this note was exact, but that product is leſs, 
being hut. 49335 and therefore 3 is too ſmall, and g too great 
for a tone. And 6 of theſe notes do not exactly make up an 
otuver 1701 O90 i fe oops gr 0 ORC 
After the ſame way, if we take the difference between the 
fourth and leſſer third for a whole tone (3-4), we ſhall. 
get 2 of the ſtring for a whole note, but this will be found to. 
be too great, being .5314 inſtead of .z; therefore r is too. 
ſmall 0s ;& note... oo imtufoy 4 yg SP 
If we try by half notes, we ſhall ſtill} be no better. The 
leſſer third, the greater third, and the fourth differ by half a, 
note ; of which there ought to be twelve in the octave. In the 


former caſe, we get 3+ for the length of the ſtring, in the latter 


18; and & or rd for the length of half a note. The firſt is 
far too little, and the latter as much too big 


& 


As none of theſe notes or half notes wil make up an oc- 


tave ; ſo neither will any number of thirds, fourths, or fifths, 
make one or more oftaves. A leſſer third contains 2, a greater 
third 4, a fourth 5, and a. fifth 7 half notes. Therefore 4. 
leſſer thirds, or 3 greater thirds make; an. oftave ; and 12 


fourths ſhould make 5 octaves ; and 12 fifths, 7 octaves. But 


if this was ſo, then we ſhould. have 3+ 2 2, N , and. 
Dn Pes (that is D B f). and p S. Bur never a 
one of theſe is fo, And hence we may conclude, that no ſcale, 
made up of theſe notes, or half notes, or any combinations of 
them, or of thirds or fifths, Cc. can be perfectly exact. 


. Now to contrive a ſcale to anſwer as near as poſſible all the 


requiſites. Let AE, Am, An, Ae, c. to AY or x AL, be 


13 geometrical proportionals. Then theſe ſtrings AL, Am, 
An, Sc. will ſound all the half notes in the octave, gradually 
aſcending. Therefore if AL be put = 1, AY = x; Am, An, 
Ao, Fe. being ſo many mean proportionals between 1 and *;. 
will be found, as ſer down in the following table. 


Cords: 


7 


DADE SCRIPTTONCopit 7 
41 at” 44718. F $463 7770 + ct? " 3 3-=4 ; 4 — 8 — 3 6 74 20 So | 
(| Tat equally | pure con- | 2 * 
| | bending. © , eee een, 
125 AL. .4,,,1-009000 | 1.60060 | 'o | 
: nr "ESL , . i 2 14 1 ei 
* n 6 24387 4 4 . „ IG 
i T1! „8409083333 14 8 1 
79370 800 7 
70711 eg. * 
| 66742 4 17% 
K 629968 51 
559460 .60000 97 0 
b ſeventh} Aw 35612322 l 
& ſeventh) Ax | 229733 E. m chu 


In this table, the 3d column ſhews the lengths of the vibrat- 
ing ſtring, when the ſcale aſcends by equal degrees of ſound, 
or when all the half notes are equal. . RES 1 

The 4th col. ſhews the length of the ſtring to ſound the 
pure concords. e n en 

The laſt col. relates only to the concords : and ſhews the 


error of the 3d col. expreſſing what part of a whole tone it' is; 


and whether it is below (expreſſed by 5) or above (by x). By 
this col. we can judge how the ſcale in the 3d col. will per- 
form. And theſe errors are found by comparing the 3d and 
4th col. together. As ſuppoſe you would know what it is in 
the fifth, we ſhall have 66742 — 66666=76, and 90711— 
62996=7715, which repreſents a tone in that place. Then 
or 555 is the ertor, which is but the hundredth part of a 
whole tone. And as the number in the 3d col, is greater, it 
ſhews, that by this ſcale, the fifth is flatter than it ought to 
be. And ſo are the reſt of the errors found out, and exa- 

mined. 5 1 | N 
' Now its evident, that the error in a fifth or a fourth is quite 
inſenſible in practice; but the thirds and ſixths ſuffer the moſt, 
being in ſome but the 13th part of a note, which perhaps may 
be ſenſible to a good ear; but then it will not be ſo percep- 
tible in a third, as it would bein a fifth ; becauſe a third is leſs 
erfect than a fifth. And the ſweeter the cord, the more eaſily 
is an imperfection diſcovered. Now although theſe trifling 
errors will take away ſomething from the ſweetneſs of the bar- 
| mony, 


* 


_ 
— 


15 


Sec. BM. COMPOUND ENGINES. 


yet there is no remedy for it, but what is worſe than the diſeaſe. 
As tothe tuning this ioſtrument, it is plain that the notes ought 
not to be tuned by perfect fifths, for the upper note will always 
be the hundredth part of a note too high. And ſince one muſt 
take 12 fifths, before he can come at the ſame note again, 
whence he ſet off; there will at laſt be an error of. rd or + of 
a note, which is very diſcoverable in a fifth. The method 
therefore to be taken, is, to. make the upper note a very little 
flatter than a perfect fifth; by firſt tuning it perfect, and then 
lowering it a ſmall matter, but not ſo much as to offend the 
ear. And after you have thus gone through the octave, if 
you find the laſt note either too high or too low, begin a new, 


and alter them all a little, according to your judgment, till the 


laſt does agree: but this judgment is to be attained principally 
by practice. Upon the firſt octave being rightly tuned, all the 
reſt depend, and therefore one ought to be very exact in it; 


for in all the reſt, there is nothing to do but to take the eights 
above and below, And you. ought to begin to tune about the 


middle of the inſtrument, 1 | 
T hoſe that tune by thirds, ought to: take the upper note of 


271 


| mony, and will binder the ſcale from being abſolutely perfect; 5 1 


314. 


the greater third, as ſharp as the ear will bear. And leſſer 


thirds ſhould be taken as flat as they may. 
Moſt people in tuning, take ſome of the fifths perfect, and 
leave others imperfect; which they call bearing notes. But 
this is attended with great inconvenience : for the muſick ought 
to be ſo ſet, that no fifth ought to fall on any of theſe bearing 


notes, which inſtead of being a perfect concord, will be no 
better than a diſcord ; ſince the error in theſe bearing notes is 
very great, For if there is but one in an octave, its error is 


+ of a note, if two of them, and both alike, :+ of a note. 
Now if theſe people be fo nice as to diſtinguiſn de part of a 
note, much more would they be offended at + or rl. And al- 
ways to avoid taking the fifths upon theſe notes, when they 
come naturally in the way, would be cramping, and even 
ſpoiling the muſic. ' And another diſadvantage would ariſe, 
that a ꝓiece of muſic could not be tranſpoſed upon any key at 
Pleaſure, whatever need there might be for it: but muſt be 
tied down to a very few. And if-this method could cure in 
any meaſure, the errors of the fifths; yet it would not at all 
mend thoſe of the thirds, which are far greater. And if any 
one third ſhould happen to be bettered, it is certain that others 
will be made as much worſe, and will be turned into diſcords.. 


Some 


eee eee 

rie. Some that like not the eguihar monie or iſotonic ſcale, above 

deſcribed, would compoſe a ſcale of ſeveral forts of tones and 

8 ſemi-tones, as 3, 1b, and 7, 1, ri, 73, 28, Fc. but what end can 

Ko | this anſwer? it is very eaſy to ſhew, that if ſome cords may 

| be taken perfect, others will be miſerably bad, and degenerate 
1 | into diſcords, But this ſcheme ſeems to be built only upon 
| | | the conſideration of abſtract numbers; for it regards only this, 
| | how to make ſeveral fractional quantities reſolve themſelves into 
others more ſimple, by multiplication ; which is a thing of no 
manner of uſe in muſic. | | . 
Others, to avoid the badneſs of the cords which fall in ſome 
places, have invented quarter notes; which makes the muſic 
extremely hard to play; and is, beſides, far from anſwering 
the end propoſed. Therefore upon the whole, I cannot but 
think the ſcale above deſcribed, to be the beſt for practice. For 
ſo ſmall an error as rv of a note in a fifth, and every where 
the ſame, cannot be ſenſible, or do much hurt to the muſic. 
And I will venture to ſay, that the very alteration of the wea- 
ther, in 24 hours time, by heat or cold, drought or moiſture, 
will have ſuch an effect upon either ſtrings or pipes, as to cauſe 
a greater difference than this amounts to. There are imper- 
fections in every thing, which we cannot quite take away; all 
we can do, is to make them as little as poſſible, Ab 


More examples of the conſtructions of engines might here be 
added. But as there is ſuch an infinite variety in the world, - 
it would be an endleſs taſk to deſcribe all the kinds of them. 
Therefore I think it needleſs to produce any more, eſpecially, 

; ſince their conſtruction and uſe depend upon the ſame princi- 
' ples as theſe already deſcribed. And if the reader does but 
thoroughly underſtand the powers and forces of theſe before 
mentioned; he cannot be at a loſs to find out the powers, 
forces, or motions, of any other machine, though never ſo 
compounded. 5 „ 85 
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a Bp M p, a ace to 7 FD FE ate cut of a 1 
Ajutage, e ſpobt for a jet Jean in a fountain... | ga 3 _ 
Amplitude, the diſtance a ball is fhot to. | 
ee a machine forrſheving the Point of the wind. See 
15 of erbe, ! is the angle which the 73 af dias ion of 

power makes with the leaver it acts vpon. 1 
— of inclination, is the angle. an inclined plane makes with 
the horizon. 
— of tration, the angle which the direction of a power makes 
1 WL inclined plane. 3 
an artificial riyer, or tube to convey. water. 
A. the inle or ſpindle of a wheel. Fig. 185. 'ef. 
Arch, a hollow wall — of a circular form, to ſupport any 
building. | 
Areomtter, an "nftrument. to. meaſure the weight of liquors. 
Arm, any piece of timber or metal, that projects horizontally 
from ſome part of a machine. 
Axle, or Axis, the line or ſpindle about which a wheel turns 
round. Fig. 185. ef. 
Avis in perizrachio, a machine for raiſing weights, conſiſting of 
a wheel, fixed upon à cylinder for i its axis, 


bh B. 


| Dela a machine to weigh bodies in ; one of the mechanic 
| powers. Fig. 188, : 
Balance wheel, the fly or pendulum of a watch. | 
| Nn | Baro- 


. 


« E ———— — 
> 23 — —ů— — * 


Barometer, a machine to 


EXPLANA' ion or TEAMS. 8 


w the weight of the air or atmo- 
ſphere. See Fig. 21888. 8 


Baroſeope, the ſame as barometer : 2 Vesther- glad. n 

Barrel of a wheel, is the axle, or &ylindrical body, about which 
the rope goes. 

— of a * is the hollow part of the pump. where the Op 
works. 

Barrs, ſtrait pieces of timber or metal, that run n croſs from one 

part of a machine to another. 8 

Baſe, the ſoot of a pillar. þ 


Baſil, that angle; the edge of a tool W ound to. 


Batten, a piece of timber three or four inches AY and an 


inch thick. 4 . e 


——ꝛ . ee 


To me pb to lean backward. 


— — 


rr 


Blocks, pieces of wood in Hake this PRETEEN or pullic end 
through which the ropes go. Fig. 42. 4, 3. 

Bolts, large iron pins. | WENT in 

Bond, the faſtening ſeveral pieces of timber eh, either by 
mortiſe and tenant, dove- tailng, c. 

Brace, a piece of timber fixed obliquely into others, to ſtay 
them from moving any way.” | 

Brackets, the cheeks of the carriage of 'a mortar... 0 cramping 
iron to ſtay timber work ; alſo aka ſet under a ſhelf 0 ag” 

A 1 1 

45 nails having no brd heads. 5 

Bridge, any horizontal beam, Sc. chat is to » fate Weg 

Butments, thoſe ſupports on which the feet of arches ſtand. 

Buttreſs, a piece of ſtrong wall that ſtands on the outſide of an- 
other wall to ſupport it. 


4 


Capftand, a machine on board a ſhip, to hoiſt the maſts, « or 
raiſe any weight. Fig. 248. ä 

Caſcade, a fall of water. 

Cataraf, is a precipice, or violent fall of water in a river, thro? 
high rocks, cauſing the water to fall with a great noiſe and force. 

Catch, ſome ſmall part of a machine; which, in its motion, 
hooks or lays hold of ſome other me to ſtop i it. - 

Center 


EXPLANATION or TERMS. 
Center of notion, the point about which a body moves. 


” * 


it will reſt in any poſition. 


275 
—— of gravity, the point upon which a body being ſuſpended, 


— of magnitude, a point equidiſtant from the oppolite ex- 


tremes of a body. The middle. | 
—— = of percuſſion, the point of a vibrating body that gives the 
green maze... ' 5 . 3 
Center pin, a pin about which, as a center, a body moves. 


Chain pump, a pump having ſeveral buckets fixed to an endleſs 


chain, which goes through it, and is moved round upon an 
axle. Fig. 254. | 
Chaps, two ſides of a machine which take hold of any thing. 
Cheeks, two upright parts of a machine, anſwering to one an- 
other in poſition and uſe. _ 
Chronoſcope, a pendulum to meaſure time. 


Clack, a fort of valve which is flat, like a board; ſerving to 


ſtop a fluid from running out. Fig. 268. T, a flap. 

Clampt, when the edges of two pieces of boards are joined to- 
gether, ſo as the grain of one may lie croſs the grain of the 
Other: ©. 

(Claſp, a ſort of buckle to faſten any thing. 

Claſp nails, thoſe with litcle heads to ſink into the wood, 


Claws, lender crooked pieces of metal in a machine, which 


ſerve to move or hold any thing. Long teeth. 

To Clench or clinch, to double back the end of a nail, that it 
may not draw out again. To river, 

Clench nails, nails that may be clinched. 

Cock, a braſs ſpout to let a fluid run out, or ſtop it by turning. 

Cogs, the wooden teeth of a great wheel. Fig. 185, a, a, 4. 

Cog-wheel, a large wheel made of timber, where the teeth ſtand 

erpendicular to the plane of the wheel. Fig. 185, CD. 

Collar, a ring of metal that goes about any thing, near the top, 
in which it turns round. | - | 

Column, the ſhaft or trunk of a pillar. 

-Contrate-wheel, a wheel in a clock, where the teeth are parallel 
to the axis, and ſtand on the under fide of the rim. 

Corbel, a piece of timber, or ſtone, ſet under another piece, to 
diſcharge the weight. RD 

Crab, a ſmall capſtand with three claws, to be placed on the 
ground, moveable from one plane to another. This is called 
a flying capſtand. | 

Crane, a machine for hoiſting goods out of a ſhip, or for raiſ- 
ing timber or ſtone, Fig. 233. 


Nees: > Crank, 
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EX PI. A NATION ox TERMS: 


Crank, that part of an Iron; axis which. 1 is turned 58 wich 
an elbow. Fig. 238. 11, 855 
croſs tree. a Mere Qitujy beam fixed acroſs. another, . 


Crow, a ſtrong ſquare bar of iron, forked at the end, to remove 


heavy timber, Cc. by uſing it with the hands. 


Crownlwbeel, in a clock or watch, is. that next the balance. its 


teeth ſtand in the upper ſide of the rim, and not in the edge. 
Fig. 166. FG. 

Cupolo, a hollow arched tower, in form of a. hemiſphere, or as 
"Mi; bow] turned upfide down. 


D. 


Denſity, is a greater or leſs quantity, of matter contained in 
a given ſpace. 

Detents, are thoſe ſtops, which beine lifted 1 up, be clock ſtrikes 3 
and falling down, ſhe ſtof 

Dog nails, nails uſed for Main binges. 

Dome, a round vaulted roof or tower. A cupola. 


Dormant, a great beam lying croſs a houſe. A ſummer. 


Dormer, a window in the roof of a houſe. 

Dove tailing, letting one Piece of timber into another, with a, 
Joint in form of a doye's rail, being, broader, at, the ad. thay 
it may not draw out again. 

Drum, the lantern or trundle, which is. carried by a great 
wheel. Fig. 266. EF. 

* head, a timber head, or lump of timber, in form of a drum. 


. 
Edving, the rite) de or border. 


Endleſs chain, a chain with the ends joined together; by which; 
any part of a machine is wrought. 


Endleſs ſcrew, a ſcrew working in the teeth of a wheel; which: 


may be turned about for ever. Fig. 193. E. 

Engine, a mechanical inſtrument compoſcd of wheels, leavers, 
ſcrews, Sc. 

Eolipyle, a hollow globe of metal, filled with water, and put 
in the fire; the heat and vapour ruſbes out at a ſmall hole, 
with a great noiſe. Fig. 264. 


Equilibrium, the equality of weight, of two or more. bodies, Se. 


keeping one another at reſt. 
Eye, a hole in ſome part of a machine, through. which any 
thing is put. 


F. 


* — KTO. er 2 


© 1 

mal the foo foot, or forclide, of. a machine, or of ſome principal 

ark Of it. 

1 ſome ſmall piece of metal like 4 long Woh, that by its 

motion moves ſome other part. 

2 pieces of wood on the ourkde of a wheel, which make 
1 

Ferril, a ſort of hoop, 

Floats, the flat ED ſet perpendicular on the edge of a wa- 
ter- wheel; by which the water drives the wheel about. Fig. 
2.36. B,. B. 

Fly, that part in a clock, c. that regulates the- motion, and: 
makes it uniform. Fig. 168, 169, 170. 5 

Force, any thing that acts upon a body to put it in motion. 

Force pump, a pump that diſcharges water by preſſing it up- 
wards. Fig. 267, 268. 

Frame, the outwork of any machine, or what holds all the reft: 
together. | 

Free, clear of all impediment, 


Frifjon, the reſiſtance that bodies have by nid againſt one- 


another. 
Fulcrum, that which ſu pports a leaver in moving any heavy body. 


: G. 


Gain, the levelling ſhoulder of a joiſt or other timber. 
Gin, a machine to raiſe great weights. Fig. 257. 
Gravity, the weight of. bodies. | 


other of the ſame bulk. 

— relative, is the weight of a body.i in a fluid, or on an in- 
clined plane. | 

Groove, a Channel cut in wood or ſtone. 

Gudgeons, the eyes in the ſtern of a- ſhip, on which the rudder; 
hangs. The center pins of an axle. 

Gyration, a —_— round. 


5 


H. 


Hand, an index or pointer. 

Handle, the part of an inſtrument to take hold on wich the hand. 

Hand ſpike, a wooden leaver to be uſed with the hand, in mov-- 
ing any thing, 


Head, the top part of any thing. an 
em, 


— ſpecific, by this one body weighs more or leſs than an- 


— * * 93 — 1 


* 


EXPLAN AT ION or TERMS. 


Hem, the edge of ſome cloth turned down and ſewed. 


'Hinge, an iron joint on which a door turns, &c. 


To Hitch, to catch hold on, with a hook or turn of a rope. 

To Hoiſe, or hoiſt, to heave up, or raiſe by force. 

Hook pins, taper iron pins with a hook head, by which they are 
ſtruck out again. They ſerve to pin the frame of a roof or 
floor together, till wrought off. 

Hoop, a circular ring to put about any thing, to keep it faſt. 

Hydraulics, the art of making engines for water works. 

Hydrometer, an inſtrument to meaſure the denſity of fluids. 
Fig. 269. 

Hyareſtatics, a ſcience teaching the weights, preſſures, motions, | 
and properties of fluids. 


Hydroſtatical balance, an inſtrument for finding the ſpecific gra- 


vity of bodies. 
Hygrometer, F inſtrument for meaſuring the moiſture and a 


Pogreſeepe neſs of the air. Fig. 265. 
. 


Jack, an engine to lift up a loaded cart, or the roof of a houſe, 
Sc. See Fig. 249. Alſo an engine to roaſt meat. Fig. 258. 


Fack pump, a chain pump. 
Jaums, door poſts, or window poſts, Ec. 


Fet d eau, the pipe of a fountain, which ſpouts up water into 


the air. Fig. 287. 
Impetus, any blow or force wherewith one body irikes or im- 


Is another. 
Joint, the place where one part is fixed into another, or moves 


about it. 


Joiſts, thoſe pieces of timber "ROUT" into the dormant, in a 


houſe, and on which the boards of the — are laid. 
5 K. 


Keys, ſtones in the top of an arth, to bind the ſweeps together. 
Kenk, a ſnarle, or little turn upon a rope, that it cannot run. 
Kee, a crooked or angular branch of timber. 


Ko 


Lantern, that part which is moved by the cogs of a great wheel, 
acting againſt the ſpindles or rounds. The drum. Fig. 266. 


EF. 


Latch, that which faſtens a door, &c. A ſueck. | 
Leaver, 


EXPL ANATION:- or TERM 8. 


Zain or lever, a bar of iron an to raiſe a * 
of the mechanic p ern. | 

Leaves, the teeth of a pinion. Fig. 1185, 66, c. 
i F a flat eee plain, adjoining to a thing. 

Level, an inſtrument to place any thing horizontal. 
Linch pin, a pin that Keeps a wheel from coming off i its axle. 
Lip, à thin edge turned hollow. 

Loop, a piece of metal. having a hole in the ext which * 
over ſomething. A. nooſe. in a * . will. Giga | 
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Mac bine, a mechanical e for: moving: bodies. be. 

Mechanics, a ſcience that teaches the principles of motion, and: 

copſtruction of; engines, to move great weigh 

ic Powers, are theſe ſix; the balance, leaver er, Wheel, pulley, 

crew, and wedge: and. according to ſome, the inclined plane. 

Mitre, an angle of 4 45 degrees, or half a. Fight one. And half 
mitre is a quarter of. a right angle. 

Momentum, quantity of motion; or the force or power a body. 
in motion has to move. another. | 

Mortiſe, a ſquare hole cut in. a piece of uf, to receive the 
tennant. 

Motion, is the ſucceſũive change of place of a body; or its paſſ⸗ 
ing from one place to another. 

Moving force, any active force or power that moves a body. 

Mouth, the part or parts of a machine, that take hold of any | 
thing. * entrance into N cage. 


* 


24 Y E 1 + J 


Nave, or Naf, the block ! in F BED IM a 1 q 
Neck, a part near the end, cut ſall. 17 


Noteb, a dent, nick, or lit made. in. any ching. 4043 f 
Nut, the pinion of a wheel. Fig. 185. AB. - A ſmall | piece of: 
metal going — the end of a ſcrew nail. 


0. 
| Ofcillation,, ehe vibration or ſwinging of a pendulum. 
| 


Pedlts a fort of bars. The laddle boards on the edge of a 
_ water-wheel, 


Pedeſtal, 


| Pubeſtal] Ine / baſe: e bst · Onli 
Peg, a pin to gone & Hele? 


Hole, à long ſtaff, or. flender piece of woods 


EXPLANATION! 166 $406 


ano 16d n 97%) 10 een 


Peers, or Piers, a fort of buttreſſes, Torn | nd Ar Get. . 


(34.453: 


Pendulum, a weight dong by «firing or with, fel g back an 
forward, to menfure time. Nis sig nd > nin 3 

Prghock, the fluice or Gf, chat opens dt muts the pilſage dt 

the water to a water- wheel. bonin & (17 3 eb. 


Praten, thetriking of one body again iribther,? "1 


Peſtil, a jongipiece of oed or metal, which riſes 'vp and mn 


down again to beat or bruiſe ſomething. 
Pevets, or Pivots, the ends of che ſpindle of the wheel in a 
clock or any machine, which play in the. | 
Pevet beef, tlie holes hien "the ends of- a fpindfe"c or axle of - 
a wheel turn. Refs, e, fu 3003 997 wag 
Picket, a ſtaks pointed- WI Hen, W Give its the g wo 2 
Pilar, u perpendicular color ſuppof ting one: ænd of an mee 
Pinion; (@ little heel fit ont end of the Tpinale;confiſtil 
of -aifew -lebves/briteeth; © Fg. 185, HB. ' I 
Piſton, a round piece of od Hoving up an don within the 
body of Pump, to draw up the water? 
Plate, a piece of timber, on which ſome bravy work is frame, 
48 0 lf Plaee, Be. 1A flat piete of metal. 
Pneumatics, a ſcience teaching the properties of the x: ® Ss 


Poſt, a perpendicular or uprigtit' beam of wood.” 
Power, 'the forte applied to ah engine to raiſe aft wehe 
any force acting upon-a body q move it. 

To Projef, to jet out or Hang UV ꝗ˖ẽ. . 
Projectiles, balls or any heavy body thrown into the air. 
Prop, a ſtay or ſupport for any · ing, to bear it up. 
Pulley, a ſmall wheel with a changel i in the age of it, moving 
about an dvd fixed ino BISEE ;- "he" fande 9 8 a 
rope that goes over it. An of 1 Hp 
Pump, an enginesto ralſe water." e 1 DE th 
Pim bmi. "Kiotr piece of tiber, placed "uprig bt te Mpport f fois 


weight. iD V ig 


N. 
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Rag-wheel, the barrel or wheel in chain ump. . 

Rails, ſmall pieces af wood joined met chers; thoſe pleces 
into which the pannels of — Sc. are fitted. | 

Rammer, an inſtrument for driving ſtones or n into the 
ground, or beating the earth. OF 


— the diſtance co Which a ball is ſhot. DOT 
F 4 £14" 


E ; XPL/AN ATION: 7 * ER M 8. 


To Fange, — ſtrait, or directly in a line. 
To Rerve, to paſs à rope through any hole. 


| Return, the ſide that turns off from any piece of 8 
Ribs, fender pieces of timber, ſerving for 50 yh -and ot | 


Riglets,' little flat, thin, ſquare pieces of wood. .. 
Rim, the circular part or outſide bf a wheel. 35 
=. 
Out again. 1 ; 

Rod, a long lender piece of wood or _ 


_— 


Roll. or . an agine: wrong; r A handle, 2 a weights, | 


Hg. 243. 


Naunds, the | > "Mg ſpindles:i in 2 lancera, againſt which the 
teeth of a great wheel work. : . As 6 r. 4. n in 


„ ladder, Sc. 210 5160 

Ruler, à thin ſtrait piece of wand... en e ae; 

 Rungs, ſpindles or rounds. - Fig, „ 

Runner, a flat circular ring, between the nave and linpin of a 
wheel. Alſo a ſort of dope on Dore a * to hoiſt with. 


52 7 
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„ 1 — of 6 408 oy by which k tips, windmills, Ge. 


are carried, by help of the wind. 

Scantlin, tuff cut to a proper ſize. 

Screw, one of the mechanic powers. The tap with the FI 
is the male ſcrew, the hollow that receives it, is, the female ſcrew. 

Scribing, drawing an irregular line upon one piece of ſtuff, pa- 
rallel to the irregular ſide of another, with a pair of com- 
paſſes opened to a due diſtance; and carried along the ſide 
of it. Then the wood in the firſt piece being cut ſs 

_ theſe two pieces will fit each other. 

To Seaze, to bind or faſten a rope, Fc. | 

Shaft or ſhank, any long part. of an. inſtrument, eſpecially that 
is held with the hands. 

Sheers, two poles ſet up an end Noping, and tied together at 
top; and ſecured by. a rope from falling. Their uſe is to 
raiſe any weight by help of. a block and tackle at top. 

S$heevers, pullies, the little wheels that run in Penn M a * 
going over them. 

Shelf, a board, c. fixt horizontally, 

Shoulder, a part of timber or metal, cut thicker than the reſt, 
in order to ſupport ſomething. | 

. Shrouds, the ledges on the edge of a guttered wheel. | 

O o Sills, 


YE 


1a ball is ſhot-in,. from. 2 piece of ordnance. 


ver, to batter down the end of ® a. that. it ; draw not 
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| Sils, fells, or gr ountfits, pi pl 


Sipbon, a crooked glaſs tube, for drawing off liquors. 
Sleepers, pieces of timber laid as a foundation and fopport or 
_ -- others that are to lie upon them. 
Slings, theſe are made of a rope ſpliced with an eye at either end; | 
to go over a caſk or ſome heavy thing, nch is to be hoiſted. . 
Snatch bloct, a great block with a ſheever im it; and à notch 
cut through one of the cheeks of it; to hitch the __ into , 


 EXPLAN ATION "vo TERMS 


into which others are Red. Sole tree: 


the pulley, for readineſs. 


| Socket, a hollow piece of metal, in which any thing moses. 
Sole, the bottom of the gutter or channel, in a guttered wheel. 
| Sole tree, the loweſt piece of rimber which lies flat 6n the ground, 


into which the upper works are framed. The groundſel. 


Spaniſh burton, a ſort of tackle to hoiſt goods, like Fog. . 


Spear, a long pointed iron, or piece of timber. 


Specific gravity, is that whereby one body weighs more or les | 


than another of the fame magnitude. 


| Spike, a pointed iron, or piece of wood. 
| Spindle, the axle of a wheel. Fig. 185. wy 


Spires, the turns of a rope about a cylinder or roller. 
To Splice, to join two ropes together oy Ne = ſtrands. 
into one another. 


Spokes, pieces of wood running from the center of a wheel to- 


the circumference, like rays. 


Spring, an inſtrument made of ſteel, that being bent, it con- 


3 exerts a great force, that it may unbend n again. 
pringing plates are ſometimes made of drals. 
* * ct of prop, ſer aflope to thruſt. 4 
* long wooden teeth Randing in che edge of a large t fim 
ber wheel. Fig. 192, a, a, a. 


Spur wheel, a wooden wheel where the teeth 4700 in the edge 


| of the rim. Fig. 192. CD. 
Staff, a ſtick or ſmall piece of wood. 
Statics, a part of mechanics, teaching the motions and proper- 


ties of heavy bodies. 


Stay, a piece of timber, or other thing fixed as à prop or ſup- 


port to ſome heavy body. 
Steelyard, an inſtrument to weigh bodies, con End of a long 
beam and a moveable weight, Fig. 190. 
Stock, the wooden part of a thing. and into which it is fixt. 
Stopple or ſtopper, a plug, that firs into a hole. | 
Stops, any ſmall 8 in a moving machine, that ſerve to ſtop 


the motion. 
8 | Sim, 


s of timber that lie on the grounds T 


* 


EXPLANATION or TERMS. 
Strain, the ſtreſs or violence any ching ſülfer by a weight or 
force acting againſt it, 
| Stroaks or ftraiks, the iron going round the circumference of 
Carriage wheels. 
Stud, a knob, or little button. A folid piece of metal fixt toa plate, 
Stuff, any wood that joiners work upon. 
Swivel, a metal ring that turns about any way, 
| Hphen, the ſame as ſiphon. A crane. Fig. 2 16. 
Hringe, an * for 1 ä into any place. 


F. 


Tackles, blocks with pellies and ropes i in cher, to heave up 
goods. Fig. 196, 197. 

Tenon, the ſquare end of a piece of wood, made to fit 1 into a 
mortiſe hole. 

Thermometer, 2 an inſtrument to ſhew the degrees of "A * 

Thermoſcope, & cold. Fig. 270. 

Thread, the ſpiral ridge that goes winding round a ſcrew, 

ET] brof, the action againſt a body to puſh it forward. 

Tight, ſtiff, cloſe. 

Tongue, a thin ſlender piece of metal in a machine. 

Tool, an inſtrument to work with. 

Tooth, the indented part on the edge of a wheel that moves 
ſome other wheel. Or what ſerves to cut, or take hold on. 

Tranſom, an overthwart beam in a building. 

Triangle, an' engine ſtanding on three legs, to raiſe weights 
with. Fig. 195. 

Trundle, the Sh which is carried en by the teeth of a 
wooden wheel. The lantern or drum. Fig. 266. EF. 


Frunk, a hollow tube or box. 


Tumbler, a part in a machine that rolls about upon an axis, 
and plays back and forward. 
Tumbrel, a roller, or cylindrical beam of wood. 
Tympanum, a kind of wheel placed on an axle, and has ſtaves 
or rounds inſtead of teeth, and is carried about by a great 
wooden wheel. A trundle or drum. Fig. 266. EF. 


* 


V. 


Valve, a piece of wood, Sc. ſo fitted into a hole, that it opens 
and lets a fluid paſs through one way; and ſhuts and ſtops 
it the other. Fig. 268. J. V. A ſucking valve, is that where 
the water follows the piſton, 4 forcing valve when it is 
driven through before it. | 


Oo 2 1 Vane, 


EXPLANATION or TERMS. 
Vane, a fail, or fan; generally to ſhow the point of the wind. 


Velocity, an affection of motion, and is that by which a body 
paſſes over a certain ſpace in a given time. ee or > 


celerity. 


Vibration, the moving or ſwinging of a pendulum back ani | 


forward. - 
Vis inertiæ, a property ot body, by which it reſiſts any im- 


preſſed force, _ endeavours to continue in the ſame ſtate. 
W. 


Wallower, a erdadle upon a horizontal axis. Fig. 257, $0 

Waterpoiſe, an inſtrument to Ba the. ſtrength of. liquors. A 
hydrometer. 

Web, the thin broad part of an inſtrument, as the web of a 


Key, ec. 


— 


Meute, an inſtrument to cleave wood. One of the ks 


powers. , 
Weight, the tendency of bodies downward. . The, matter raiſed 


by an engine. 
Wheel, a machine conſiſting of an axis and a circular rim, with 
| teeth i in it, and then it is called a toothed wheel. ; 
Smooth, a wheel without teeth, turned by a rope. 
N heel and axle, a machine to raiſe weights. One of the me- 
chanic powers, Fig. 30. | 


Winch, an —— with a crooked handle, to turn any thing | 


about with. 

Minder, a winch or handle to wind about. 

Windlaſs, a machine to raiſe great weights. On board a ſhip, 
it ſerves to hoiſt the anchor. It is an horizontal roller, 


turned round by handſpikes. 
Windmill, a mill to grind corn, moved by the wind; Fig. 266. 


Wing, a thin broad part that covers ſomething, or hangs over 


it. Alſo what helps to give due motion to any thing, as 
the hands in a water wheel; a part of a ſail, c. 

Worm, a ſpiral __ running round a _ ning a 
ſort of ſcrew. AP 23 a 


A LIST 


OF THE. 


ot 
* * 2 


f 


PRI Nc AL Macnines deſcribed in this Boox. 


IR Pump, Fig. 277. 


Axis in peritrochio, Fig. 30. 
Barometer, Fig. 218. 

Bellows, Fig. 246. 1 
| by water, Fig. 241, 242. 

Blowing wheel, Fig. 284. | 

Boats, Fig. 199. 200. 

Bobgin, Fig. 296. 

Carts, Fig. 201, 202. 

Cheeſe-preſs, Fig.-189. 

Clock, Fig. 302, 303. 

Coal-gin, Fig. 2 50, 257. 

Crab, or capſtan, Fig. 248. 

Crane, Fig. 192, 193. 

compound, 298. 

Cutting engine, Fig. 304. 

Endleſs ſcrew, Fig. 43, 193- 


Engine to make a hammer ſtrike, Fig. 236. 


to quench fire, Fig. 275. 

for iron works, Fig. 236, 237. 
to ſhew the wind, Fig. 253. 
——— for drawing water, Fig. 299. 
— at London-bridge, Fig. 281. 
Folipile, Fig. 264. 


Fire engine for coal-pits, Fig. 274, 293. 


Glazier's vice, Fig. 305. 

Gun powder mill, Fig. 297. 
Horſe- mill, Fig. 294. ; 
Hydrometer, Fig. 269. 9 
Hydroſtatic bellows, Fig. 259. 
Hygroſcope, Fig. 265. 


#1 


Jack for roaſting meat, Fig. 194. 238. > 


—— for railing weights, Fig. 249. 


Arch for bridges, Fig. 307, 308—to 
rtificial fountains, Eig. 271, 285, 286, 287. 


Lifting 


LIST OF. MACHINES, &c. 


Lifting lock. Fig. 9s. 

Moule-traps, Fig. 261, 262. 

Organ, Fig. 3134. | 

Pile engines, Fig. 245, abs; | 

Pulleys and tackles, Fig. 42, 230, 239, 247. 
Pumps, Fig. 204, 238, 267. 268. | | 
Rag-pump, Fig. 254 TEE, _=_ 
Rollers, Fig 227, 242, 243 244. | 

| Rolling-preſs, Fig. 273. 

Sailing chariot, Fig. 234. 

Sawing engine, Fig. 1888 

Scales, Fig. 188. 

Screw, Fig. 37. 

Ship, Fig. 276. 3 
ſwifteſt, 301. 
Sliting mill, Fig. 251. 

Smoak Jack, Fig. 235. 

Spinning-wheel, Fig. 191. | 
Steel-yard, Fig. 190. | i 
—— compound, Fig. 288. 
Syphons, Fig. 216, 256. 

Tantalusꝰ cup | | 
Thermometer, Fig. 270. 

Triangle and table, Fig. 195. 
Twiſting-mill, Fig. 300. 

Waggons, Fig. 213, 214 

Walk mill. Fig. 255. 
Water-mills, Fig. 260, 282, 306. | 
Water-ſcrew, Fig. 272. | 
Weighing engine, Fig. 312. 

Wind-mill, Fig. 203, 266. 

—— i{mall, Fig. 252. 


ns 


rr 


1 . i * 1 
% Sx A 5 $ * 
. 4 ; - 
. 4 « 8 «7 4 4 
od * 
* n - . R © % 
> F F * 
* £ 
We 7 
: % * * R * 
— 11 ry 
7 2 * 
- x Af F 


1 ” 
- 1 « % 
* 4 * 
ys : OY 
R ; - 4. 
: > x * 1 _— 
* 7 1 5 „ 
* . 
$ © * 
I 0 4 1 ” 
* *% © 
o * * 
1 E * 
# 622 21 0 1 - i f N 
4 4 A 1 1 
— 4 A ® 
e * 4 z pl * . 
. : 
* ” * 
1 * 
" * 4 * : 
0 ; 
1 
* ' f * 
0 x F 
* - 
5 : 
q * 1 
, 7+ 3 
7 ” * = 
” : . x — L 


. # » bd > 


page 2. line 3, for whence read where. Page 12. line 22. 4 and in theſe 
directions. Page 23. line 14. for are the ſquares, read are as the ſquares. 
| Page 87. line 2. for their weighty, read any weights. Page 107, li 
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20. delt the power of all. „ line 25, for d read i. 
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